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THE FUTURE OF TRANSPORTATION FUELS 
AND VEHICLES 


WEDNESDAY, MARCH 7, 2018 

House of Representatives, 

Subcommittee on Environment, 
Committee on Energy and Commerce 

Washington, DC. 

The subcommittee met, pursuant to call, at 10:15 a.m., in room 
2322 Rayburn House Office Building, Hon. John Shimkus (chair¬ 
man of the subcommittee) presiding. 

Members present: Representatives Shimkus, McKinley, Barton, 
Harper, Johnson, Flores, Hudson, Walberg, Carter, Duncan, Wal¬ 
den (ex officio), Tonko, Peters, DeGette, McNerney, Dingell, and 
Pallone (ex officio). 

Also present: Representative Loebsack. 

Staff present: Mike Bloomquist, Deputy Staff Director; Daniel 
Butler, Staff Assistant; Kelly Collins, Staff Assistant; Adam 
Fromm, Director of Outreach and Coalitions; Ben Lieberman, Sen¬ 
ior Counsel, Energy; Ryan Long, Deputy Staff Director; Mary Mar¬ 
tin, Chief Counsel, Energy & Environment; Brandon Mooney, Dep¬ 
uty Chief Energy Counsel Advisor; Annelise Rickert, Counsel, En¬ 
ergy; Dan Schneider, Press Secretary; Jason Stanek, Senior Coun¬ 
sel, Energy; Hamlin Wade, Special Advisor, External Affairs; Ever¬ 
ett Winnick, Director of Information Technology; Jeff Carroll, Mi¬ 
nority Staff Director; Jean Fruci, Minority Energy and Environ¬ 
ment Policy Advisor; Rick Kessler, Minority Senior Advisor and 
Staff Director, Energy and Environment; Alexander Ratner, Minor¬ 
ity Policy Analyst; Andrew Souvall, Minority Director of Commu¬ 
nications, Outreach and Member Services; and C.J. Young, Minor¬ 
ity Press Secretary. 

OPENING STATEMENT OF HON. JOHN SHIMKUS, A REP¬ 
RESENTATIVE IN CONGRESS FROM THE STATE OF ILLINOIS 

Mr. Shimkus. The subcommittee will come to order and the chair 
recognizes himself for 5 minutes for an opening statement. 

We have experienced very gradual and incremental change in the 
transportation fuels and vehicles over the last several decades, but 
there are signs that the pace of change will accelerate in the years 
ahead. In the not-too-distant future we may see cars in showrooms 
and fuel choices at retail stations that are noticeably different than 
what is available today. The purpose of this hearing is to provide 
an overview of the ongoing transition and learn more about what 
it all means for the American driving public. 

(1) 



2 


I welcome our distinguished panel of experts. While nobody’s 
crystal ball is perfect, the individuals and organizations rep¬ 
resented here have done some of the best thinking about the future 
of personal transportation and I thank them for participating in 
this hearing. 

Many factors are contributing to this evolving marketplace in 
transportation. One driver, no pun intended, is government policy. 
I should stress that this is not a hearing about the Renewable 
Fuels Standard, per se, or the Corporate Average Fuel Economy 
standards, or incentives for electrical vehicles. Flowever, these and 
other federal policies are significant contributors to the changing 
fuels and vehicle marketplace and thus are an important part of 
the overall discussion. 

For example, the Department of Energy is working with other 
agencies and national labs on its Co-Optima program to achieve 
breakthroughs in high octane fuels used in high compression en¬ 
gines. The program’s goal is to cost effectively boost efficiency from 
the internal combustion engines and in so doing help reach a pos¬ 
sible and possibly exceed the targets in both the RFS and CAFE. 
I look forward to hearing from Dr. Farrell on this and other re¬ 
search for which the National Renewable Energy Laboratory is a 
contributor. 

But policy-driven change is only part of the picture. We are also 
seeing technological advances, whether it is getting EVs closer to 
the point where they make economic sense for more people, further 
progress on natural gas-powered vehicles that can take advantage 
of our domestic natural gas abundance, continued improvement in 
fuel cells, or other avenues of research. And for every alternative 
vehicle breakthrough, there are alternative fueling infrastructure 
challenges for which solutions are being developed. 

I might add that today’s discussion is not just about alternative 
fuels and vehicles. Research is also underway to improve the effi¬ 
ciency of the internal combustion engine and help it remain a cost- 
effective choice in the decades ahead. I mentioned Co-Optima and 
its integrated approach to high octane fuels and internal combus¬ 
tion engines that are optimized for them, but other research is also 
achieving breakthroughs in getting more efficiency out of the con¬ 
ventional technologies. 

I should also note that advances in autonomous vehicles, includ¬ 
ing passage of the SELF DRIVE Act, have been the subject of a lot 
of good work by the Digital Commerce and Consumer Protection 
Subcommittee under Chairman Latta. Autonomous vehicles will 
also have an effect on the choice of fuels and vehicles that will be 
used in the future. It is all related, so we need to be mindful of 
everything going on in transportation research. 

Of course, many factors are behind these transitions. Environ¬ 
mental considerations are certainly a factor, energy security is also 
a factor, but we can’t lose sight of the most important thing and 
that is the impact on the consumer. We want to make owning, op¬ 
erating, and using a vehicle as affordable as possible for the Amer¬ 
ican public and I hope this research helps in that regard. 

In any event, change is happening in the transportation sector 
and I hope that today’s hearing gives us all a better understanding 
of it. With that, my time, I am done with my opening statement. 
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Anyone who wants a minute or a half on either side, seeing none, 
I yield back my time and now recognize the ranking member of the 
subcommittee, Mr. Tonko, for 5 minutes. 

[The prepared statement of Mr. Shimkus follows.] 

Prepared statement of Hon. John Shimkus 

We have experienced very gradual and incremental change in transportation fuels 
and vehicles over the last several decades, but there are signs that the pace of 
change will accelerate in the years ahead. In the not-too-distant future we may see 
cars in showrooms and fuel choices at retail stations that are noticeably different 
than what is available today. The purpose of this hearing is to provide an overview 
of this ongoing transition and learn more about what it all means for the American 
driving public. 

I welcome our distinguished panel of experts. While nobody’s crystal ball is per¬ 
fect, the individuals and organizations represented here have done some of the best 
thinking about the future of personal transportation, and I thank them for their 
participation at this hearing. 

Many factors are contributing to this evolving marketplace in transportation. One 
driver (no pun intended) is government policy. I should stress that this is not a 
hearing about the Renewable Fuel Standard (RFS) per se, or Corporate Average 
Fuel Economy (CAFE) standards, or incentives for electric vehicles. However, these 
and other federal policies are significant contributors to the changing fuels and vehi¬ 
cles marketplace and thus are an important part of the overall discussion. 

For example, the Department of Energy is working with other agencies and na¬ 
tional labs on its Co-Optima program to achieve breakthroughs in high octane fuels 
used in high compression engines. The program’s goal is to cost-effectively boost effi¬ 
ciency from internal combustion engines and in so doing help reach and possibly ex¬ 
ceed the targets in both the RFS and CAFE. I look forward to hearing from Dr. 
Farrell on this and other research for which the National Renewable Energy Lab¬ 
oratory is a contributor. 

But policy-driven change is only part of the picture. We are also seeing techno¬ 
logical advances, whether it is getting EVs closer to the point where they make eco¬ 
nomic sense for more people, further progress on natural gas-powered vehicles that 
can take advantage of our domestic natural gas abundance, continued improvements 
in fuel cells, or other avenues of research. And for every alternative vehicle break¬ 
through, there are alternative fueling infrastructure challenges for which solutions 
are being developed. 

I might add that today’s discussion is not just about alternative fuels and vehicles. 
Research is also underway to improve the efficiency of the internal combustion en- 

S 'ne and help it remain a cost-effective choice in the decades ahead. I mentioned 
o-Optima and its integrated approach to higher octane fuels and internal combus¬ 
tion engines that are optimized for them, but other research is also achieving break¬ 
throughs in getting more efficiency out of this conventional technology. 

I should also note that advances in autonomous vehicles, including passage of the 
SELF DRIVE Act, have been the subject of a lot of good work by the Digital Com¬ 
merce and Consumer Protection Subcommittee and Chairman Latta. Autonomous 
vehicles will also have an effect on the choice of fuels and vehicles that will be used 
in the future. It’s all related, so we need to be mindful of everything going on in 
transportation research. 

Of course, many factors are behind these transitions. Environmental consider¬ 
ations are certainly a factor, energy security is also a factor, but we can’t lose sight 
of the most important thing and that is the impact on the consumer. We want to 
make owning, operating, and using a vehicle as affordable as possible for the Amer¬ 
ican people, and I hope that this research helps in that regard. 

In any event, change is happening in the transportation sector, and I hope that 
today’s hearing gives us all a better understanding of it. Thank you. 


OPENING STATEMENT OF HON. PAUL TONKO, A REPRESENTA¬ 
TIVE IN CONGRESS FROM THE STATE OF NEW YORK 

Mr. Tonko. Thank you, Mr. Chair. I want to thank you for hold¬ 
ing today’s very important hearing, addressing the future of our 
Nation’s transportation fuels and vehicles. And thank you to all our 
witnesses for being here, Mr. Chair. I want to commend you on as- 
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sembling an expert panel that can inform members of ongoing 
trends and impending changes to our Nation’s transportation sec¬ 
tor. 

It is beyond a doubt that our transportation sector is changing, 
that the mix of vehicles and fuels will be considerably different in 
2050 than they are today. It will almost certainly be more diverse 
and cleaner. There are many benefits to reducing dependence on 
petroleum from improving national energy security to protecting 
consumers against the price volatility of the global oil market. 

But the transportation sector is also key to addressing climate 
change. Vehicle miles traveled in the U.S. has continued to grow 
since the Great Recession and greenhouse gas emissions from 
transportation now exceed emissions from our power sector. It is 
clear that effective climate action needs to consider how to reduce 
transportation emissions. 

Reducing emissions in the power sector has occurred much more 
quickly and can be done more cheaply, which is why electrification 
of transportation has become a priority for achieving emissions re¬ 
duction goals. In recent years, improvements in electric vehicles 
have been impressive, including reductions in battery cost, in¬ 
creased range and greater changing infrastructure options and, in¬ 
creasingly, utilities are embracing the tremendous opportunity for 
increase on electricity demand. We can imagine an exciting future 
where vehicles offer the potential to balance loads on the grid as 
energy storage resources. 

While impediments still exist for further EV deployment, we are 
trending in the right direction. Despite the excitement around elec¬ 
tric vehicles we need to acknowledge that this transition is not 
going to happen overnight. The internal combustion engine will 
continue to make up a significant portion of our Nation’s vehicle 
fleet in the coming decades. 

We should also acknowledge that electrification will be more dif¬ 
ficult to penetrate certain liquid fuel markets such as aviation, 
shipping, and potentially heavy duty vehicles, but we must make 
drastic reductions in greenhouse gas emissions immediately. There¬ 
fore, we need a multi-track approach backed by strong federal poli¬ 
cies. This means continuing to make significant R&D investments 
and provide tax incentives for electric vehicles as well as sup¬ 
porting the growth of an advanced biofuels market. 

Alternative fuels such as biodiesel and compressed natural gas 
can be cleaner options and displace dirtier fuels for heavy duty ve¬ 
hicles which is important to not only reduce greenhouse gas emis¬ 
sions, but also other hazardous air pollutants. And regardless of 
the fuel choice, we should ensure that vehicles are using these 
fuels as efficiently as possible. 

Undoubtedly, CAFE standards played a role in development of 
technologies to improve fuel economy. Unfortunately, EPA Admin¬ 
istrator Pruitt is reconsidering the greenhouse gas standards for 
model year 2022 through 2025 light duty vehicles and questioning 
whether the Agency’s initial assumptions about technology develop¬ 
ment and costs from 2012 are still accurate and reasonable. 

It is clear from the technical assessment as well as the robust 
and conclusive public record that these standards should be main¬ 
tained. They are feasible, can be met at lower cost than originally 
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estimated, and can be achieved through a number of different tech¬ 
nology pathways, many of which are already commercially avail¬ 
able. In addition to saving consumers at the pump, EPA projects 
that the model year 2022-2025 standards will reduce emissions by 
more than 230 million metric tons by 2050 and nearly 540 million 
metric tons over the lifetime of model year 2022 to 2025 vehicles. 

Similarly, we know the Administration is considering whether or 
not tp support changes to the Renewable Fuel Standard. Like 
CAFE, this is an area that this subcommittee has examined and 
I would caution against unilateral action by the Administration 
which may not benefit consumers, put us on the path towards re¬ 
ducing transportation emissions, or increase domestic energy secu¬ 
rity. These federal policies along with tax incentives, R&D invest¬ 
ments, and state policies are important pieces to shaping the future 
of transportation in our country. 

Ultimately, other countries will continue to embrace electrifica¬ 
tion, low emissions liquid fuels, and fuel economy. They realize 
that their air quality depends on these developments and they rec¬ 
ognize the threat of climate change as real and requires major com¬ 
mitments to reduce emissions from all sectors. The United States 
should continue to lead and innovate and ensure that our manufac¬ 
turers, our automakers, and our refineries are able to deliver cut¬ 
ting edge vehicles and fuels for the United States and markets 
around the world. 

With that Mr. Chair, I yield back. 

Mr. Shimkus. The gentleman yields back his time. The Chair 
now recognizes the chairman of the full committee, Congressman 
Walden from Oregon, for 5 minutes. 

OPENING STATEMENT OF HON. GREG WALDEN, A REPRESENT¬ 
ATIVE IN CONGRESS FROM THE STATE OF OREGON 

Mr. Walden. Thank you, Mr. Chairman, appreciate it. Appre¬ 
ciate your leadership on this and so many other issues and I wel¬ 
come our panelists here today. 

As we explore the emerging trends of motor vehicles and the 
fuels that they use, across several federal agencies and national 
labs and throughout the private sector research as you all know is 
underway to make driving cleaner, safer, and more efficient. Re¬ 
gardless of whether this work is the result of government mandates 
or market forces, it nonetheless is going on and change is coming 
to the fuels and vehicles marketplace. 

The purpose of this hearing is to get a better sense of this change 
and I welcome our witnesses as part of helping us better under¬ 
stand it. Today, we will hear about the environmental objectives, 
efficiency objectives, national security objectives, and other policies 
behind the evolving fuels and vehicles marketplace. But as we have 
this discussion, let us not forget the one thing that matters most 
and that is the interest of consumers. 

Family car, it is the second most expensive purchase after a 
house and the average price for a new vehicle has risen to more 
than $36,000, up nearly $600 just from a year ago according to 
Kelley Blue Book. Yes, that is the average price and it is quite a 
burden for households as well as millions of small business owners 
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and farmers and ranchers who rely on their vehicles to make a liv¬ 
ing. 

Naturally, the car buying public wants these sticker prices to go 
down rather than continue going up, same is true for fuels. The av¬ 
erage household uses about a thousand gallons per year which 
makes fill-ups a very significant part of the family budget. Strug¬ 
gling families and businesses would like to see breakthroughs to 
bring down the cost of gasoline or alternative fuels. It is important 
to recognize that if new fuels and vehicles do not deliver consumer 
benefits then they likely won’t deliver any environmental or other 
benefits either. 

An auto dealer once told this subcommittee that even the most 
eco-friendly car won’t do any good if it just sits in the showroom, 
and nobody I know has ever refuted that logic. Bottom line, the 
sources of alternative fuels in the marketplace relies heavily upon 
the ability to bring down the cost per mile traveled and the success 
of alternative vehicles relies on avoiding sticker shock. 

So the good news is, the breakthroughs in fuels and vehicles can 
be done in a way that benefits consumers while also achieving en¬ 
vironmental and other objectives. As someone who owns and drives 
a hybrid on both coasts, I hope we can work together to a future 
that is cleaner, safer, and more efficient, and yes, perhaps even less 
expensive transportation modes. I welcome this discussion on how 
we get there. This committee is committed to this effort and my 
friend from Illinois is putting a lot of time into the fuels issue along 
with others and so we look forward to your testimony today. 

And with that, Mr. Chairman, unless anybody wants the remain¬ 
der of my time, I would be happy to yield back so you can move 
along with the hearing. 

[The prepared statement of Mr. Walden follows:] 

Prepared statement of Hon. Greg Walden 

Today we are exploring the emerging trends in motor vehicles and the fuels they 
use. Across several Federal agencies and national labs and throughout the private 
sector, research is underway to make driving cleaner, safer, and more efficient. Re¬ 
gardless of whether this work is the result of government mandates or market 
forces, it is nonetheless going on and change is coming to the fuels and vehicles 
marketplace. The purpose of this hearing is to get a better sense of this change, and 
I welcome our witnesses who are a part of it. 

Today, we will hear about the environmental objectives, efficiency objectives, na¬ 
tional security objectives, and other policy reasons behind the evolving fuels and ve¬ 
hicles marketplace. But as we have this discussion, let us not forget the one thing 
that matters most, and that is the interests of consumers. 

The family car is the second most expensive purchase after a house, and the aver¬ 
age price for a new vehicle has risen to more than $36,000, up by nearly $600 from 
just a year ago, according to Kelley Blue Book. Yes, that is the average price, and 
it is quite a burden for households as well as the millions of small business owners 
and farmers and ranchers who rely on vehicles to make a living. Naturally, the car 
buying public wants to see sticker prices go down rather than continue going up. 

The same is true for fuels. The average household uses about a thousand gallons 
per year which makes fill-ups a very significant part of the family budget. Strug¬ 
gling families and businesses would like to see breakthroughs that bring down the 
cost of gasoline or alternative fuels. 

It’s important to recognize that if new fuels and vehicles don’t deliver consumer 
benefits, then they likely won’t deliver any environmental or other benefits either. 
An auto dealer once told this subcommittee that even the most eco-friendly car 
won’t do any good if it just sits in the showroom, and nobody I know has ever re¬ 
futed that logic. Bottom line—the success of alternative fuels in the marketplace re- 
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lies heavily upon their ability to bring down the cost per mile traveled, and the suc¬ 
cess of alternative vehicles relies on avoiding sticker shock. 

The good news is that the breakthroughs in fuels and vehicles can be done in a 
way that benefits consumers while also achieving environmental and other objec¬ 
tives. As someone who owns and drives a hybrid on both coasts, I hope we can look 
forward to a future of cleaner, safer, more efficient, and yes cheaper personal trans¬ 
portation, and I welcome this discussion on how we can get there. 

Mr. Shimkus. The gentleman yields back his time. The chair now 
recognizes the ranking member of the full committee, Congressman 
Pallone from New Jersey, for 5 minutes. 

OPENING STATEMENT OF HON. FRANK PALLONE, JR., A REP¬ 
RESENTATIVE IN CONGRESS FROM THE STATE OF NEW JER¬ 
SEY 

Mr. Pallone. Thank you, Mr. Chairman. This morning we will 
examine the future of transportation fuels and vehicles, a future 
that will be shaped by federal policy. 

While we have made significant progress in reducing emissions 
and improving fuel efficiency, I believe the Federal Government 
can and should do more. Last month, the EPA released the latest 
inventory of greenhouse gas emissions. For the first time, the 
transportation sector has edged out the electric power industry as 
the largest emitting sector. Transportation now accounts for 28.5 
percent of our greenhouse gas emissions, with passenger vehicles 
contributing most of these emissions. 

While the total emissions from transportation are lower for 2016 
than for the peak year of 2005, the trend is still not good. Overall 
emissions from this sector increased between 2012 and 2016. His¬ 
tory has shown that real progress in fuel efficiency and emission 
reduction from vehicles is a direct result of government policies. 

CAFE standards and the emission control programs of the Clean 
Air Act have delivered great gains and the Renewable Fuel Stand¬ 
ard program has provided us a reliable source of domestic fuel that 
has reduced both our dependence on petroleum and emissions from 
fuel combustion. Similarly, Federal tax incentives, research, pro¬ 
curement, and loan programs have helped spur the development 
and deployment of electric vehicles, battery technology, advanced 
biofuels, and other fuel and vehicle options. 

But we must do more. Oil prices may be affordable and supplies 
may be abundant right now, but that situation can change. Experi¬ 
ence demonstrates that the adjustments of rising prices is painful 
for everyone, from individual vehicle owners to auto manufacturers 
and all the businesses in their supply chains. A diverse fuel supply 
combined with enhanced fuel efficiency provides an important buff¬ 
er against rising prices. 

And if we do not do more to reduce transportation sector emis¬ 
sions, the effects of climate change are likely to accelerate and 
worsen. Moreover, vehicles are major purchases and reliable vehi¬ 
cles can remain on the road for up to 25 years, so it may take many 
years to see substantial changes in fuel consumption or emission 
reductions without aggressive federal policies. 

And all of this has implications beyond our own borders. Two 
countries with the largest market potential, India and China, have 
signaled their intention to move beyond the internal combustion 
engine. Meanwhile, a number of European countries are reducing 
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or phasing out their use. U.S. auto manufacturers need to remain 
at the forefront of this industry and that will only happen if they 
maintain a diverse fleet of vehicles with improved fuel efficiency 
and reduce emissions. When U.S. auto succeeds, the country’s econ¬ 
omy also succeeds. 

So let me say in closing that I am very concerned about the di¬ 
rection President Trump is taking on fuels and vehicle policies. 
Low fuel prices are already leading automakers and consumers to 
discount the importance of fuel economy as a consideration when 
making a vehicle purchase. The Trump administration’s apparent 
intention to weaken the pending combined CAFE and greenhouse 
gas emission standards for light duty vehicles would take us in the 
wrong direction. 

Meanwhile, the Administration’s proposal to rescind EPA’s glider 
truck rule which closes a gaping loophole in freight truck emission 
standards has rightly united both truck manufacturers and envi¬ 
ronmentalists in opposition. We need to spur innovation and re¬ 
ward it. We need the transportation sector to be cleaner and more 
fuel efficient. However, technologies to improve fuel efficiency, re¬ 
duce emissions, and diversify fuel supplies will not appear on the 
market without the technology push provided by strong federal pol¬ 
icy. 

And rollbacks are, by definition, not a way to move forward. We 
can have cleaner, healthier air and vehicles that cost less to oper¬ 
ate delivered by a globally competitive U.S. automobile industry if 
we stay the course. 

And I don’t think anyone else wants my time, so I will yield 
back, Mr. Chairman. Thank you. 

Mr. Shimkus. The gentleman yields back his time. We now con¬ 
clude with member opening statements. The Chair would like to re¬ 
mind members that pursuant to committee rules, all members’ 
opening statements will be made part of the record. 

We want to thank all of our witnesses for being here today and 
taking the time to testify before the subcommittee. Today’s wit¬ 
nesses will have the opportunity to give an opening statement. 
Your full statements are already submitted for the record and your 
opening statement is to summarize that document and then fol¬ 
lowed by a round of questions from the members who will be re¬ 
maining here. 

Our witness panel for today’s hearing will include Mr. John 
Maples, Senior Transportation Analyst, U.S. Energy Information 
Administration, thank you for being here; Dr. John Farrell, Labora¬ 
tory Program Manager, Vehicles Technologies, National Renewable 
Energy Laboratory; Dr. Joshua Linn, Senior Fellow, Resources for 
the Future; Dr. Jeremy Martin, Senior Scientist and Fuels Lead, 
Clean Vehicles Program, Union of Concerned Scientists; and Mr. 
John Eichberger, Executive Director of the Fuels Institute. 

We appreciate you all being here today. We will now begin with 
Mr. Maples, and you are recognized for 5 minutes. Thanks for 
being here. 
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STATEMENTS OF JOHN MAPLES, SENIOR TRANSPORTATION 
ANALYST, U.S. ENERGY INFORMATION ADMINISTRATION; 
JOHN FARRELL, LABORATORY PROGRAM MANAGER, VEHI¬ 
CLES TECHNOLOGIES, NATIONAL RENEWABLE ENERGY LAB¬ 
ORATORY; JOSHUA LINN, SENIOR FELLOW, RESOURCES FOR 
THE FUTURE; JEREMY MARTIN, SENIOR SCIENTIST AND 
FUELS LEAD, CLEAN VEHICLES PROGRAM, UNION OF CON¬ 
CERNED SCIENTISTS; AND JOHN EICHBERGER, EXECUTIVE 
DIRECTOR, FUELS INSTITUTE 

STATEMENT OF JOHN MAPLES 

Mr. Maples. Thank you. Chairman Shimkus, Ranking Member 
Tonko, and members of the committee, I appreciate the opportunity 
to appear before you today. The Energy Information Administra¬ 
tion is the statistical and analytical agency within the Department 
of Energy. By law, EIA’s data, analyses, and projections are inde¬ 
pendent, so my comments should not be construed as representing 
those of Department of Energy or any other federal agency. 

My statement focuses on the Reference case of the EIA Annual 
Energy Outlook 2018 which presents projections for the U.S. en¬ 
ergy system through 2050. The AEO 2018 Reference case is a busi- 
ness-as-usual, trend estimate using known technology and techno¬ 
logical and demographic trends and with the assumption that cur¬ 
rent laws and regulations remain unchanged throughout the pro¬ 
jection period. My oral statement will focus on light duty vehicles, 
passenger cars, and light trucks, which accounted for 55 percent of 
total transportation energy use in 2017, the base year for the AEO 
2018. 

The Reference case includes the CAFE and greenhouse gas emis¬ 
sion standards as issued by NHTSA and EPA for multi-years’ 2017 
through 2025, as well as the California Zero Emission Vehicle pro¬ 
gram adopted by nine additional states— to see that map, see Fig¬ 
ure 1 in my written statement—and existing tax credits for alter¬ 
native and advanced vehicles and fuels. 

Total transportation energy consumption peaked in 2017 i n the 
Reference case at 13.1 million barrels per day. With CAFE stand¬ 
ards and advanced technologies, average new light duty vehicle 
economy rises from 33.4 mpg to 48.6 mpg by 2050. Total vehicle 
miles of travel grow 18 percent between 2017 and 2050, yet energy 
consumption decreases by 30 percent by 2042. 

Starting with vehicle sales, sales of conventional gasoline vehi¬ 
cles continue to dominate, but the share declines from 87 percent 
today to 71 percent in 2050. Electrified vehicles including battery 
electric, plug-in hybrid electric, and full hybrid electric grow strong¬ 
ly, rising from 4 percent of new sales in 2017 to 19 percent in 2050. 
Battery-only electrics grow to 12 percent due to policies such as 
California’s ZEV regulation, declining battery cost, and longer- 
ranged models. 

Hybrid electric sales rise to 5 percent from 3 percent, plug-in hy¬ 
brid electrics from 1 percent to 2 percent, E85 flex-fuel vehicles 
reach 7 percent by 2050, sales of diesel, natural gas, propane, and 
fuel cell vehicles are all at 2 percent or less in 2050. 

Now for fuel shares, while petroleum products remain dominant 
for light-duty vehicles to 2050, see Figure 5, gasoline with ethanol 
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falls from 99.5 percent to 91 percent by 2050. The E85 share rises 
from 0.1 percent to 1.5 percent, electricity usage grows to 4.7 per¬ 
cent, diesel to 2 percent, and natural gas is negligible. 

The key areas of uncertainty in the Reference case are fuel 
prices, the digital economy, consumer acceptance, and potential 
changes in policies. Higher or lower fuel prices can change the rel¬ 
ative attractiveness of all vehicle types. In the High Oil Price case, 
the sales shares of conventional gasoline vehicles declines to about 
62 percent in 2050 compared to 71 percent in the Reference case. 
In the Low Price case, the shares go up a couple of percent. In all 
cases, High and Low Oil Prices and the Reference case, fuel con¬ 
sumption decreases. 

On-demand ride-hailing is already affecting how consumers uti¬ 
lize personal vehicles and mass transit. At this point, the potential 
energy impact of autonomous vehicles is unclear and open to wide 
variation. Customer acceptance affects the future market success of 
vehicle types and alternative fuels. For example, cost and perform¬ 
ance, alternative fuel prices, and the availability of refueling infra¬ 
structure are all going to have an impact. 

Finally, the future regulatory environment is uncertain. The EIA 
is currently working on Issues in Focus articles associated with the 
AEO2018 that will cover potential impacts on future energy de¬ 
mand. This analysis will likely be released in late spring. This con¬ 
cludes my statement and I will be happy to answer questions from 
the committee. 

[The prepared statement of Mr. Maples follows:] 
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Mr. Chairman and Members of the Subcommittee, I appreciate the opportunity to appear 
before you today to address the outlook for light-duty vehicles and the fuels used in those 
vehicles. 

The Energy Information Administration (EIA) is the statistical and analytical agency 
within the U.S. Department of Energy. EIA collects, analyzes, and disseminates 
independent and impartial energy information to promote sound policymaking, efficient 
markets, and public understanding regarding energy and its interaction with the economy 
and the environment. EIA is the Nation’s premier source of energy information and, by 
law, its data, analyses, and forecasts are independent of approval by any other officer or 
employee of the United States Government. The views expressed herein should therefore 
not be construed as representing those of the Department of Energy or other federal 
agencies. 

Petroleum dominates energy use in transportation 

The transportation sector and the use of petroleum fuels are tightly linked. In 2017, 38% 
of total U.S. energy and 72% of total U.S. petroleum and other liquids were consumed in 
the transportation sector, while petroleum products provided about 97% of total 
transportation energy. Light-duty vehicles (LDVs), including both passenger cars and 
light-duty trucks, accounted for 55% of total transportation energy use in 2017 (Table 1). 
Heavy-duty vehicles (HDVs), including freight and commercial-light trucks and buses, 
used 24% of transportation energy, followed by aircraft, marine, pipeline, and rail with 
shares of 9%, 5%, 2%, and 2% in total transportation energy use, respectively. 


2 
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Table 1. Breakout of 2017 energy consumption by mode in the transportation sector 



LDV 

HDV 

Aircraft 

Marine 

Pipeline 

Rail 

Other 

Percent of 
consumption by 
mode 

55% 

24% 

9% 

5% 

2% 

2% 

2% 


*The percentages may not sum to 100% due to rounding 
Source: EIA Annual Energy Outlook 2018, Reference case 


LDVs are almost entirely fueled by petroleum products, with motor gasoline, which 
includes blended ethanol, accounting for over 99% (7.2 million barrels per day crude oil 
equivalent (million b/d)) of energy use. On a volumetric basis, about 10% of motor 
gasoline is blended ethanol. The remaining 1% includes minor amounts of diesel, 
gaseous fuels, electricity, and E85, a blend of up to 85% ethanol with motor gasoline. 
For HDVs, petroleum and other liquids are central to meeting energy needs, with diesel, 
including biodiesel blends, accounting for 81% of consumption (2.6 million b/d) and 
motor gasoline, including ethanol blends, accounting for 18% (0.6 million b/d). About 
6% of diesel fuel is blended biodiesel. The remaining 1% is almost entirely compressed 
or liquefied natural gas. Of the other transportation modes, aircraft (1.1 million b/d) and 
marine (0.6 million b/d) are also almost entirely dependent on petroleum products while 
rail energy consumption is 96% diesel (0.3 million b/d) and 4% electricity. 
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Table 2. Consumption of liquid fuels by mode in 2017 (million b/d) 



LDV 

HDV 

Air 

Marine 

Rail 

Motor gasoline 

7.2 

0.6 


0.1 


Diesel 

0.0 

2.6 


0.2 

0.3 

Jet fuel 



1.1 



Residual fuel oil 




0.3 


Total 

7.2 

3.2 

1.1 

0.6 

0.3 


Source: EIA Annual Energy Outlook 2018, Reference case 


Th e Annual Energy Outlook 2018 

EIA recently released the Annual Energy Outlook 2018 ( AEO2018 ), which presents 
projections for the U,S. energy system through 2050. The AEO2018 Reference case is a 
business-as-usual trend estimate, using known technology and technological and 
demographic trends, and is prepared under the assumption that current laws and 
regulations remain unchanged throughout the projection period. The large share of U.S. 
energy and petroleum use by LDVs has made them a focal point for legislation, 
regulation, and tax policies to both improve fuel economy and promote the sale of 
alternatively-fueled vehicles and alternative fuels. In recent years, regulations improving 
the fuel efficiency of IlDVs have also become prominent. Higher fuel efficiency 
standards reduce both petroleum and energy consumption, while alternatively-fueled 
vehicles and fuels displace the use of petroleum without necessarily reducing overall 
energy use. 


The AEO2018 Reference case includes the jointly issued Corporate Average Fuel 
Economy (CAFE) and LDV greenhouse gas emissions standards for model years (MY) 
2017 to 2025 promulgated by the National Highway Traffic Safety Administration 
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(NHTSA) and the Environmental Protection Agency (EPA). This includes the final joint 
rulemaking for MY 2017 to 2021 and the standards in place for MY 2022 to 2025, which 
will undergo a midterm evaluation before finalization in the near future. In addition, the 
Reference case incorporates other provisions impacting the transportation sector, such as 
California’s Zero Emission Vehicle (ZEV) program adopted by 9 additional states - 
Connecticut, Massachusetts, Maryland, Maine, New Jersey, New York, Oregon, Rhode 
Island, Vermont (Figure 1); NHTSA and EPA’s jointly issued Phase I and Phase II fuel 
consumption and greenhouse gas emission standards for on-road heavy duty vehicles 
through MY 2027; existing tax credits for altemative/advanced vehicles and fuels; and 
ship emission regulations set under the International Convention for the Prevention of 
Pollution from Ships (MARPOL). Standards are held constant at the level of the last 
regulated year throughout the remainder of the projection. 

Figure 1. States with mandates for zero emission vehicles 
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Transportation energy consumption peaked in 2017 in the Reference case at 13.1 million 
b/d and declines until 2037, reaching a low of 11.2 million b/d before rising again 
through the end of the projection to 12.0 million b/d by 2050. Rising fuel efficiency 
outweighs the increases in total travel and freight movement in the first half of the 
projection, before reversing in the second half of the projection after the current CAFE 
standards are no longer in effect to increase fuel efficiency in the Reference case. LDVs 
see the largest change in energy consumption in transportation, because of rising fuel 
efficiency of all vehicle fuel types as well as growing sales of electrified and non¬ 
gasoline fueled vehicles. 


While sales of conventional gasoline LDVs remain predominate throughout the AEO2018 
Reference case, the sales share declines from 87% in 2017 to 71% in 2050 (Figure 2). 


Figure 2. Light-duty vehicle powertrain market share 


LDV sales share by fuel type 
100 % 



2010 2015 2020 2025 2030 2035 2040 2045 2050 

Source: EIA Annual Energy Outlook 2018, Reference case 


■ Fuel Cell 

s Propane and natural gas 
® Electric hybrid 
« Plug-in electric hybrid 
m Electric 
& Flex-Fuel 
m Diesel 
8 Gasoline 
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Electrified vehicles, including battery electric (BEV), plug-in hybrid electric (PHEV), 
and full hybrid electric (HEV), grow strongly across the projection, rising from 4% of 
new LDV sales in 2017 to 19% by 2050, This sales increase is led by BEVs, which grow 
from less than 1% in 2017 to 12% by 2050 because of state policies such as California’s 
ZEV regulation, declining battery costs, and the availability of longer-ranged 200- and 
300-mile BEV models (Figure 3). Between 2017 and 2050, HEV sales grow from 3% of 
new sales to 5% while PHEVs grow from 1% to 2%, respectively. 


Figure 3. Percent of electric light-duty vehicle sales out of total light-duty vehicle sales 
by range 

LDV electric vehicle sales 
percent 



Flex-fuel vehicles (FFVs), which can use E85 blends, are projected to be 7% of LDV 
sales by 2050. Manufacturers selling FFVs currently receive incentives in the form of 
fuel economy credits earned for CAFE compliance through MY 2019. FFVs also play a 
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critical role in accommodating the RFS mandate for increased use of biofuels. Diesel 
vehicles account for 2% and natural gas, propane and fuel cell vehicles account for about 
1% of new vehicle sales in 2050 (Figure 2). 

In addition to the changing vehicle fuel mix, the decline in LDV energy and motor 
gasoline consumption in the AEO2018 Reference case is due to rising new vehicle fuel 
economy. Average new LDV fuel economy rises from 33.4 miles per gallon (mpg) in 
2017 to 46.9 mpg by 2025 and 48.6 mpg by 2050 because of CAFE standards and the use 
of advanced fuel-efficient technologies. Significant adoption of these technologies 
increases the fuel economy of all vehicle fuel types, including conventional gasoline, 
where, for example, about 20% of new conventional gasoline vehicles are equipped with 
micro-hybrid technology, by 2025. Micro-hybrid technologies turn the engine off when 
coming to a complete stop which reduces fuel consumption. 

The changing mix of LDV sales is reflected over time in the composition of the LDV 
fleet. By 2050, about 25% of total LDVs are unconventional vehicles, non-gasoline and 
non-diesel vehicles, which contribute to higher efficiency or provide a capability for 
increased use of fuels other than petroleum. Growth in the number of drivers and vehicle 
miles per driver results in a projected growth of 18% in total LDV vehicle miles of travel 
between 2017 and 2050 in the AEO2018 Reference case (Figure 4.) 
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Figure 4. Total light-duty vehicle miles traveled by age cohort and licensing rate 


VMT by age cohort 
billion miles 



Licensing rate 
percent 


0 % 

5% 

0 % 

5% 

. 0 % 

5 % 

. 0 % 

5 % 

. 0 % 


2045 2050 

licensing Rate 


Source: EIA Annual Energy Outlook 2018, Reference case 


However, due to rising fuel economy, overall LDV energy consumption is projected to 
decrease by 30%, or 4.5 quadrillion Btu, between 2017 and 2042 despite rising travel 
demand. After 2042, both travel demand and LDV energy consumption increase as the 
improvements in fuel economy level off. Projected LDV petroleum use in 2050 is about 
4.8 million b/d, compared to 7.2 million b/d in 2017, reflecting both changes in the fuel 
mix and improved fuel economy. 


Petroleum products remain the dominant LDV fuel, with the motor gasoline (including 
ethanol) share falling to 91% (from 99.5% in 2017) but diesel rising to 2% (from 0.4%) 
by 2050. E85, which contains up to 85% ethanol, plays a growing role and are projected 
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to provide 1.5% energy used by LDVs by 2050, up from less than 0.1% in 2017. 
Electricity usage grows to 4.7% while natural gas accounts for less than 0.1% (Figure 5). 


Figure 5, Light-duty vehicle energy use by fuel 


LDV energy consumption 
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Source: EIA Annual Energy Outlook 2018, Reference case 
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While total energy consumption is expected to decrease in the LDV sector other transport 
sectors are projected to grow during this period. Air travel demand has been growing 
over the last 20 years and is expected to continue growing throughout the projection. 
Between 1998 and 2017 revenue passenger miles and revenue ton miles have increased 
by 46% and 39% respectively. Over the projection period energy consumption from air 
travel increases by 70% while energy use by HDVs increases by 10% (Figure 6). 
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Figure 6. Transportation energy demand by mode 

Transportation energy demand 
million b/d 

14,000 .-.™...-.— 



Source: EIA Annual Energy Outlook 2018, Reference case 


Uncertainty in th eAEO2018 projections for the LDV vehicle mix and fuel use 

The AEO2018 Reference case projections for LDVs and their fuel use are inherently 
uncertain. The four key areas of uncertainty are: fuel prices, growth in the digital 
economy, consumer acceptance, and potential changes in policies. 

First, all vehicle types face uncertainty regarding future fuel prices. Higher or lower fuel 
prices can change the relative attractiveness of all vehicle types, either making more fuel- 
efficient vehicles more attractive to consumers in a high oil price case or less attractive in 
a low oil price case. For example, in the AEO2018 High Oil Price case, the conventional 
gasoline vehicle sales share declines to about 62% in 2050 compared to 71% in the 
Reference case, while in the Low Oil Price case, conventional gasoline make up 73% of 
LDV sales. Higher or lower fuel prices also affect projected vehicle efficiencies and 
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growth in travel, which also affect the fuel mix and the level of fuel use. In the AEO2018 
Low Oil Price case, overall LDV fuel consumption decreases by 9% between 2017 and 
2050, while LDV fuel consumption decreases by 47% in the AEO2018 High Oil Price 
case, compared to 30% in the AEO2018 Reference case. LDV petroleum use in 2050 is 
6,6 million b/d and 3.9 million b/d in the AEO2018 Low and High Oil Price cases, 
respectively, compared to 4.8 in the AEO2018 Reference case. 

Second, the digital economy is changing transportation. On-demand ride-hailing is 
affecting how consumers utilize personal vehicles and mass transit. Moving forward, 
autonomous vehicles are expected to affect the transportation system in numerous ways. 
Highly automated vehicles are expected to change the perceived cost of travel, affect the 
use of on-demand ride-hailing services and mass transit, travel and driving patterns, the 
design of vehicles, the type of fuel used, and vehicle ownership. Although ride-hailing 
and autonomous vehicles are included in our long-run projections, there are great 
uncertainties over the scope of the on-demand ride-hailing and autonomous vehicles, as 
well as the benefits and costs of autonomous technology. Further, there remain several 
key inhibiting obstacles for autonomous vehicles. All of these factors combine to make 
the potential energy impact of autonomous vehicles unclear and open to wide variation. 

Third, consumer acceptance is also a critical area of uncertainty regarding future market 
success of unconventional vehicles and alternative fuels. Vehicle attributes, such as cost 
and performance, as well as alternative fuel prices and availability, will play key roles in 
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the future success of alternative-fueled vehicles. Further, refueling infrastructure 
availability is essential to consumer acceptance. 

Finally, the future regulatory environment is also uncertain. The possible effect of 
changes in fuel economy standards are an important uncertainty affecting projections of 
the LDV vehicle mix and fuel use. CAFE and greenhouse gas emission standards for 
LDVs are currently set in final rule form only through MY 2022. While the AEO2018 
assumes that standards are raised through MY 2025, changes in fuel efficiency 
requirements could impact the mix of LDV sales and projected fuel use by LDVs. State 
policy regarding ZEVs also relates to LDV fuel economy and sales mix and EIA includes 
regulatory credit requirements for ZEVs in the ten states mentioned earlier in the 
statement. 

To further examine some of these uncertainties in the transportation sector, EIA is 
currently working on Issues in Focus articles associated with AEO2018 that will cover 
potential impacts on future transportation energy demand. These analyses, which will 
likely be released in late spring, will focus on framing some of the uncertainties discussed 
today with alternative cases, such as those that examine changes in fuel economy 
standards and differing levels of autonomous vehicle adoption. 

This concludes my statement, Mr. Chairman, and 1 will be happy to answer any questions 
you and the other Members may have. 
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EIA: Summary of John Maples Statement 


The statement focuses on the reference case of the EIA Annual Energy Outlook 2018 
which presents projections for the U.S. energy system through 2050. The AEO2018 
Reference case is a business-as-usual, trend estimate, using known technology and 
technological and demographic trends, and with the assumption that current laws and 
regulations remain unchanged throughout the projection period. 

The focus is on light duty vehicles - passenger cars and light-duty trucks - which 
accounted for 55% of total transportation energy use in 2017, the base year for AEO 
2018. Total transportation energy consumption peaked in 2017 in the Reference case at 
13.1 million b/d. With CAFE standards and advanced technologies, average new light 
duty vehicle fuel economy rises from 33.4 mpg to 48.6 mpg by 2050. Total vehicle miles 
of travel grow 18% between 2017 and 2050, yet energy consumption decreases by 30% 
by 2042. 

Sales of conventional gasoline vehicles continue to dominate, but the share declines from 
87% to 71% in 2050. Electrified vehicles, including battery electric (BEV), plug-in 
hybrid electric (PHEV), and full hybrid electric (HEV), grow strongly rising from 4% of 
new sales in 2017 to 19% in 2050. Battery-only electrics grow to 12% due to policies 
such as California’s ZEV regulation, declining battery costs and longer-ranged models. 
Hybrid electric sales rise to 5 from 3%, plug in hybrid electric vehicles from 1% to 2%. 
E85 flex-fuel vehicles reach 7% by 2050; sales of diesel, natural gas, propane and fuel 
cell vehicles are all at 2% or less in 2050. 

While petroleum products remain dominant for light duty vehicles to 2050 gasoline (with 
ethanol) falls from 99.5% to 91% by 2050. The E85 share rises from .1% to 1.5%. 
Electricity usage grows to 4.7%, diesel to 2%, natural gas is negligible. 

The key areas of uncertainty in the Reference case are: fuel prices, growth in the digital 
economy, consumer acceptance, and potential changes in policies. Higher or lower fuel 
prices can change the relative attractiveness of all vehicle types. In the High Oil Price 
case, the sales share of conventional gasoline vehicles declines to about 62% in 2050 
compared to 71% in the Reference case. In the Low Oil Price case, the share goes up a 
couple of percent. 

On-demand ride-hailing is already affecting how consumers utilize personal vehicles and 
mass transit. Autonomous vehicles are expected to affect the transportation system in 
numerous ways. At this point, the potential energy' impact of autonomous vehicles is 
unclear and open to wide variation. 

Consumer acceptance affects future market success of vehicle types and alternative fuels 
- cost and performance, alternative fuel prices and availability, and refueling 
infrastructure availability. Finally, the future regulatory environment is also uncertain. 
EIA is currently working on Issues in Focus articles associated with AEO2018 that will 
cover potential impacts on future transportation energy demand, this analysis will likely 
be released in late spring. 
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Mr. Shimkus. Thank you very much. The gentleman yields back 
his time. The chair now recognizes Dr. John Farrell. You are recog¬ 
nized for 5 minutes. Thanks for being here. 

STATEMENT OF JOHN FARRELL 

Mr. Farrell. Chairman Shimkus, Ranking Member Tonko, 
members of the subcommittee, thank you for the opportunity to ad¬ 
dress this hearing on the future of transportation. My name is 
John Farrell and I am the Laboratory Program Manager for Vehi¬ 
cles Technologies at the Department of Energy’s National Renew¬ 
able Energy Laboratory in Golden, Colorado. I manage DOE’s Co- 
Optimization of Fuels & Engines, or Co-Optima Initiative, and a 
range of other transportation R&D work at NREL. Prior to joining 
NREL, I worked for 15 years at ExxonMobil’s Corporate Research 
Laboratory where I oversaw R&D focus on advanced fuels and ve¬ 
hicles in collaboration with several leading car and truck compa¬ 
nies. 

Mobility is foundational to our way of life. Today in the United 
States we are on the cusp of a wave of innovation that will dra¬ 
matically transform our transportation sector. Innovations in vehi¬ 
cles, fuels, and infrastructure are being driven to a large extent by 
research led by DOE, NREL, other national laboratories, and our 
key industry partners. Our work holds the promise of providing 
mobility that is more convenient, affordable, and energy efficient, 
while at the same time boosting our Nation’s economy and our 
overall global competitiveness. 

It is often noted that transportation is poised to undergo simulta¬ 
neous evolutions due to the advent of connected, autonomous, 
shared, and electrification technologies. While the impact of these 
advanced mobility technologies will indeed be wide-ranging, it is 
also true that vehicles with conventional internal combustion en¬ 
gines will remain an important component of our transportation 
system for decades to come. 

That is why DOE and NREL are spearheading the Co-Optima 
Initiative which, in collaboration with eight other national labs and 
13 universities, is conducting research that will help fuel producers 
and engine makers put the most efficient, high performance cars 
and trucks on the road. Much of our work to date has focused on 
identifying the benefits of fuel properties such as octane and ena¬ 
bling high efficiency gasoline engines and the role that blend stocks 
such as ethanol could play in providing these properties near term. 

Co-Optima gives us the opportunity to save American consumers 
and commercial truck operators up to $35 billion a year in fuel ex¬ 
penses while maximizing vehicle performance and efficiency, intel¬ 
ligently leveraging domestic resources such as non-food biomass, 
expanding job opportunities, and enhancing energy security. Re¬ 
search is also on the way on transportation connectivity and auto¬ 
mation. By automating driving and other functions and enabling 
vehicles to communicate with each other and with the transpor¬ 
tation network, this complex arena of new technologies foretells a 
future with reduced congestion and smoother traffic flows, saving 
us all a lot of time and money. 

The Sustainable Mobility program at NREL is working to sup¬ 
port and complement DOE’s SMART Mobility initiative. A major 
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goal of this effort is to fully integrate electrified vehicles with the 
electric grid to ensure that when large numbers of electric vehicles 
enter the marketplace they will work smoothly with renewable en¬ 
ergy sources, with buildings, and with the entire expanse of our 
transportation infrastructure. 

Fuel cell vehicles are now commercially available and have a 
range in refueling times comparable to conventional vehicles and 
achieve no tailpipe emissions. Our R&D has played a critical role 
in the advancement of technology for fuel cell vehicles and related 
hydrogen infrastructure needs. For electric vehicle charging infra¬ 
structure, NREL and the DOE labs are working on technology that 
will help establish a national network of extreme fast-charging sta¬ 
tions capable of recharging batteries in a fraction of the time cur¬ 
rently required, and we are exploring wireless in-road charging op¬ 
tions for the longer term. 

Commercial trucking also stands to benefit greatly from the new 
technology. DOE and NREL are exploring fuel cell and battery 
strategies for truck electrification that could substantially reduce 
fuel expenses, lower maintenance costs, and reduce emissions. The 
lab has forged strong partnerships with industry leaders and nu¬ 
merous fleet operators. With fuel costs amounting to 40 percent of 
trucking expenses, greater fuel efficiency could save commercial 
fleet operators and you, as consumers, hundreds of millions of dol¬ 
lars annually. 

It is increasingly clear that we will need huge amounts of data 
and super computers to analyze the model at all if we are to coordi¬ 
nate and optimize the myriad of new technologies that will com¬ 
prise tomorrow’s interconnected transportation network. NREL’s 
portfolio of databases each maintain and provide access to a wealth 
of invaluable, real-world, on-road transportation and energy sys¬ 
tems data. These tools are already making a substantial contribu¬ 
tion to the numerous R&D activities I have described. 

As you can see, mobility R&D is critical to our Nation’s transpor¬ 
tation future. And as we contemplate the resource portfolio needed 
to get us there, we can be assured that the global race for new 
technology solutions will only intensify. Maintaining our leadership 
and innovation is as important now as ever. Thank you. 

[The prepared statement of Mr. Farrell follows:] 



27 


Prepared Statement of Dr. John Farrell 
Laboratory Program Manager, Vehicle Technologies 
National Renewable Energy Laboratory 
For the House Energy & Commerce Committee 
Subcommittee on Environment 

March 7, 2018 


A Comprehensive Approach to Transforming Transportation 

Chairman Shimkus, Ranking Member Tonko, members of the Subcommittee, thank you 
for this opportunity to address this hearing on the future of transportation. My name is 
John Farrell, and I’m the Laboratory Program Manager for Vehicle Technologies at the 
U.S. Department of Energy’s (DOE’s) National Renewable Energy Laboratory (NREL) in 
Golden, Colorado. For the last five years I’ve managed NREL's research and 
development (R&D) efforts that fall within DOE’s Office of Energy Efficiency and 
Renewable Energy (EERE) Vehicle Technologies Office portfolio. This work includes 
innovation in fuels, engines, electric vehicle technologies, fueling and charging 
infrastructure, and systems to support integration of vehicles, the grid, and the built 
environment. In addition, I act as Project Technical Lead for DOE’s multi-lab, multi-office 
Co-Optimization of Fuels & Engines (Co-Optima) initiative. 

Prior to joining NREL, I worked for 15 years in ExxonMobil’s Corporate Research 
Laboratory. There, I applied my expertise to R&D programs, including collaborations 
between ExxonMobil and Ford, Caterpillar, Toyota, and other manufacturers. I have 
served on the advisory board for the Princeton Combustion Energy Frontier Research 
Center and have advised the U.S. Department of Defense on research initiatives. I hold 
a bachelor's degree in chemistry from Purdue University and a PhD in physical 
chemistry from the University of Colorado, and I completed my post-doctoral studies at 
Sandia National Laboratories. 

Our nation’s transportation system today is a marvel of utility and complexity. It might be 
tempting to assume that advances in vehicle technologies, especially engines, have run 
their course. Nothing could be further from the truth. In fact, we see before us a wave of 
innovation that will dramatically reshape the concept of transportation as we know it 
today-innovation that is being spurred on by DOE, NREL, other national laboratories, 
universities, and a wide range of industry partners. 

The work led by DOE, NREL, and the other national labs holds the promise to 
revolutionize American energy productivity. This translates into mobility that is more 
convenient, affordable, and energy efficient, which will deliver major benefits including 
enhanced domestic economic prosperity and a stronger position in relation to global 
competitors. 
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Last year alone, vehicles moved people more than 3 trillion vehicle-miles and 
transported some 11 billion tons of freight—goods worth more than $32 billion each day 
to the American economy. Those vehicles used 70% of the record 19.69 million barrels 
of petroleum consumed per day. For the typical American, transportation is the second 
greatest expense after housing, and the average city commuter wastes approximately 
42 unproductive hours per year stuck in traffic. 

A full spectrum of transportation R&D is underway to improve the efficiency, 
performance, and affordability of transportation options for consumers and businesses. 
Electric-drive vehicles (EDVs), including fully electric, hybrid, plug-in hybrid, and fuel cell 
vehicles, are a substantial focus for NREL, as are autonomous and connected vehicle 
innovations. At the same time, we’re making huge strides in improving the more 
conventional fuel and propulsion technologies that will continue to play an important role 
in transportation solutions for decades to come. Biofuel and natural gas-fueled vehicles 
provide opportunities for greater energy security and economic growth through the use 
of domestic resources. 

In each instance, the world-class expertise and scientific capabilities of the national 
laboratories are being leveraged for the early-stage research that’s pushing innovation 
forward. As valuable breakthroughs emerge, they provide government and industry 
decision makers with the scientific foundation needed to objectively weigh options, so 
consumers and businesses can reap the benefits. 

Optimizing Efficiency of Vehicles with Internal Combustion Engines 

Given the time it can take to develop and bring new automotive technologies to the 
marketplace, the high-energy density offered by liquid fuels, and the extensive network 
of gasoline distribution and fueling infrastructure, vehicles with internal combustion 
engines will continue to comprise a significant portion of the nation’s vehicle fleet for at 
least the next few decades. DOE and NREL are spearheading the Co-Optima initiative 
to simultaneously improve fuel and engine performance with enhancements that build 
on the vehicle technologies and infrastructure already in use across the nation. 

More efficient and sophisticated engines are already being introduced to the market, but 
their performance is limited by current fuels. Co-Optima researchers are thinking about 
fuels in a new way, as design variables to optimize these engines, with an eye toward 
revolutionizing the entire on-road fleet, from light-duty passenger cars to heavy-duty 
freight trucks. 

DOE, NREL, and partners from eight other national labs and 13 universities are 
providing industry with the scientific underpinnings needed to accelerate introduction of 
high-performance fuels and engines. Much of the Co-Optima research is focused on 
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components known as blendstocks that can be added to fuel and used in smaller but 
more powerful and efficient spark-ignition engines. Blendstocks can be produced from a 
wide spectrum of domestic resources, including non-food, domestic biomass such as 
forestry and agricultural residues, energy crops, algae, and other renewable and surplus 
waste resources. Leveraging domestic biomass resources can support rural economies, 
create much-needed new jobs in farm country, and enhance energy security while 
keeping energy dollars in America. 

Recent Co-Optima findings pinpoint five options of chemical families that show the 
greatest promise for creating blendstocks capable of meeting these goals with 
advanced versions of the engines most of us use today. In addition to researchers' work 
in the lab, Co-Optima analysts are developing a comprehensive understanding of the 
cost, infrastructure and vehicle compatibility, and air quality implications of producing 
these blendstocks. 

While the research team has made considerable progress towards its goals, significant 
work is still needed to maximize passenger vehicle fuel economy and performance. 
Current Co-Optima scientific experimentation is focused on identifying how engine 
parameters and fuel properties will work in tandem to improve light-duty gasoline-fueled 
spark ignition engine efficiency and emissions in the near term. Research is also 
examining strategies to deliver similar benefits through optimization of fuels and engines 
for heavy- and medium-duty trucks. In addition, the team is exploring development of 
revolutionary engine technologies for a longer-term, higher-impact series of solutions. 

Ultimately, this early-stage R&D and analysis will provide fuel producers and engine 
makers with greater flexibility in delivering fuels and components needed to put the 
most efficient and high-performance cars and trucks on the road. Combined with other 
R&D already underway, Co-Optima strategies present the opportunity to save American 
consumers and commercial truck operators as much as $35 billion dollars per year at 
the pump, while maximizing vehicle performance and efficiency, leveraging domestic 
fuel resources, boosting jobs, and enhancing energy security. 

Taking a Full-Systems Approach with Sustainable Mobility 

Today’s transportation system is poised for dramatic transformation at the nexus of 
connectivity and automation. Rapid proliferation of automated vehicle technologies and 
connected, on-demand mobility services, coupled with lightning-speed advances in 
communications and sensor technologies, are revolutionizing the way people think 
about moving individuals and goods from Point A to Point B. 

Optimized systems solutions can reduce congestion, smooth traffic flows, maximize 
occupancy for fewer "empty” miles, recommend quicker routes, and allow vehicle right- 
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sizing, identifying novel mobility solutions requires that we view mobility as a network of 
services, travelers, and environments—rather than simply vehicles and roads. 

NREL's Sustainable Mobility research supports DOE’s Systems and Modeling for 
Accelerated Research in Transportation (or SMART) Mobility initiative in integrating 
research focused on fully-electric vehicles (EVs), the electric grid, renewable energy 
sources, buildings, and transportation infrastructure to move energy savings and 
connectivity to the next level. 

Communication between vehicles and infrastructure gives drivers the ability to make 
better driving decisions, and automated controls can eliminate stop-and-start patterns 
by accelerating and slowing vehicles in concert with traffic light timing. Communication 
between cars not only improves safety, but also traffic flow by allowing automated 
control of speeds and distances between vehicles. 

One important area of research is assessing the potential impacts of connected and 
automated vehicle technologies on fuel use and efficiency, vehicle miles traveled, and 
consumer costs. NREL analyses point to a wide range of possible energy scenarios, 
ranging from a tripling of light-duty vehicle consumption (due primarily to convenience 
encouraging a higher volume of travel), to a 40% decrease from today's levels of energy 
consumption (thanks in large part to technology improvements). 

An element critical to the success of these transformational transportation solutions is 
EVs’ potential to help balance loads and improve the resiliency of our nation’s electricity 
infrastructure. Renewable energy sources are naturally variable, requiring energy 
storage or a hybrid system to accommodate daily and seasonal changes. Vehicle-to- 
grid technology makes it possible to store surplus electricity generated from intermittent 
renewable solar and wind sources in EV batteries during non-peak periods and feed 
power back to the grid when needed, enhancing grid stability and reducing electricity 
costs at peak hours. Another solution is to produce hydrogen through electrolysis and 
use it to power a stationary or vehicle fuel cell to produce electricity during times of low 
power production or peak demand. 

DOE and the national labs play a critical role in leading the early-stage scientific 
research and analysis needed to ensure that future mobility solutions maximize benefits 
for society and the economy while fostering a diverse domestic energy supply. NREL is 
working collaboratively with organizations including federal, state, and regional 
transportation agencies, and the lab is exploring opportunities to construct a dedicated 
facility to further enhance the nation's capabilities in this burgeoning arena. 

Accelerating Introduction of the Next Generation of EDVs 

EVs use only one-third as much energy per mile driven as conventional vehicles. Since 
hybrid electric vehicles' (HEVs') commercial introduction in 1999, more than 3 million 
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HEVs and more than 490,000 EVs have been sold, and automakers are rolling out new 
models at a record pace. Even with this encouraging growth in adoption rates, there are 
still barriers to overcome before we can expect EDVs—EVs, HEVs, plug-in HEVs, and 
fuel cell electric vehicles (FCEVs)—to dramatically decrease our nation’s overall energy 
consumption. 

NREL and the national labs have played a pivotal role in providing fundamental science 
and engineering expertise to spur the development and commercialization of EDVs. In 
1993 NREL and DOE recruited the Big Three automakers—General Motors, Chrysler, 
and Ford—as partners to identify the most promising component technologies and 
system configurations, leading to some of the world’s first production-feasible HEV 
prototypes. Principles established in the course of NREL's original research continue to 
guide EDV designs, and modeling and simulation software tools created by the lab are 
still being used by engineers across the country. 

The lab has also played a critical role in the advancement of FCEV vehicle and 
infrastructure technologies. FCEVs offer the benefits of zero vehicle emissions, along 
with a driving range of more than 300 miles and a lightning fast refueling time of three 
minutes. However, even with FCEV models becoming commercially available in recent 
years, development of hydrogen fueling infrastructure is still in its infancy, and additional 
research is needed to address key remaining cost and performance barriers. 

Charging infrastructure, battery technology, and affordability are three major, 
interrelated challenges to greater EDV adoption that NREL and DOE research is 
working to resolve. Most EVs cannot travel as far on a single charge as conventional 
vehicles do on a tank of gas, and charging stations are often fewer and farther between. 

NREL and DOE are working in partnership with national labs across the country to 
identify the technical, infrastructure, and economic requirements for establishing a 
national extreme fast charging (XFC) network for EVs. In addition, we are exploring 
managed and wireless charging options that can eliminate some of the time and 
logistics constraints imposed by traditional plug-in charging and integrate with the 
electrical grid to balance loads. The labs are also working to validate infrastructure 
components and fueling protocols that can support a larger network of hydrogen fueling 
stations for FCEVs. 

Connected to the charging issue are the performance and cost of batteries, which are 
the most expensive EV components. Research to drive down battery cost and size, 
while improving range, safety, lifetime, and performance is key to making EVs 
accessible to larger numbers of consumers. NREL research and award-winning 
innovations such as the Battery Internal Short-Circuit Device and Isothermal Battery 
Calorimeters are making it possible to accurately pinpoint and fix battery overheating 
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problems that can lead to safety issues. 

Finally, while EDV prices continue to drop and new models provide a wide range of 
style and performance options, the additional upfront cost continues to pose 
impediments to broader adoption. That is why a major focus of our early-stage research 
is technology that will help EVs attain cost parity with conventional vehicles. 

The lab continues to innovate in partnership with automakers and component suppliers 
to refine technology, boost performance, lower cost, and enhance appeal of EDVs, The 
NREL-led Computer-Aided Engineering for Electric-Drive Vehicle Batteries (CAEBAT) 
project involves collaboration with other national labs and industry leaders such as Ford, 
GM, and Johnson Controls in accelerating the development and lowering the cost of EV 
batteries with new computational and simulation tools. Work with partners such as John 
Deere, Wolfspeed, and Toyota USA as part of the DOE-sponsored Manufacturing 
Innovation Institute is pointing the way toward wide-bandgap semiconductor materials 
for EV power electronic devices that are smaller and more efficient. 

In the last five years, NREL's early-stage scientific breakthroughs in EV battery and 
power electronics technologies have been recognized with three R&D 100 Awards, 
known as the “Oscars of Innovation.” Eventually, these more recent innovations will 
make their way into vehicles in the marketplace, delivering efficiency, performance, and 
cost improvements for consumers. 

Building Momentum for Maximum Efficiency in Freight Operations 

More than $13 trillion in goods, equivalent to two-thirds of our entire gross domestic 
product (GDP), are shipped across U.S. roads each year. With fuel costs amounting to 
40% of truck freighting expenses, greater fuel efficiency could save commercial fleet 
operators hundreds of millions of dollars, create hundreds of thousands of new jobs, 
and spur an overall $10 billion increase in America’s annual GDP. 

Independently, commercial truck electrification, automation, and connectivity promise to 
be major game changers. Collectively, these innovations can revolutionize freight 
mobility. DOE and NREL are taking a total-systems approach that combines vehicle 
battery advances with exploration of how a highly efficient in-road charging network 
might deliver productivity, performance, and operational benefits. 

Connected and automated trucks could significantly decrease the cost of moving goods. 
Optimization of EV technology for heavy- and medium-duty vehicles, along with 
development of fast wireless charging will be key factors in meeting cost and 
operational targets by diminishing battery expenses and reducing the downtime 
required to charge freight vehicles. Integrating data on freight movement with vehicle 
connectivity and automation holds great potential to make the transfer of freight from 
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heavy-duty trucks to other modes of transportation—including delivery vans, trains, 
ships, or even possibly drones—more efficient. 

Platooning systems for freight trucks reduce aerodynamic drag and safely decrease the 
distance between vehicles, allowing multiple vehicles to accelerate or brake 
simultaneously. These systems incorporate vehicle-to-vehicle communications, radar- 
based forward object detection, and active braking systems. NREL researchers, in 
partnership with organizations such as Peleton, have discovered that this relatively low- 
cost technology can be used on existing vehicles to deliver fuel savings of close to 10%. 

Even though manufacturers such as Cummins and Tesla have announced plans for 
electric trucks, these early models will only serve niche applications. Significant R&D is 
still needed to adapt EV technology for trucks across the wide range of vocations that 
comprise the commercial trucking fleet as a whole. 

DOE and NREL are exploring fuel cell and battery strategies for truck electrification that 
could substantially reduce fuel expenses, lower maintenance costs, and reduce 
emissions. Although technology and infrastructure for medium- and heavy-duty EVs, 
HEVs, and FCEVs still have a long way to go, battery and operating cost reductions are 
moving freight operations closer to the 3-4 times efficiency improvements typically 
delivered by electric drivetrains. 

NREL has long been considered a leader in medium- and heavy-duty vehicle research, 
with evaluations of vehicles, infrastructure, operational practices, fuel-saving 
alternatives, and implementation considerations, combined with analyses using 
validated data from field-based measurements that factor in the multitude of variables 
needed to ensure meaningful benefits for large-scale freight operations. In addition to 
work focusing on EV, HEV, and FCEV technologies, researchers are also working to 
maximize efficiency and performance of hydraulic hybrids, as well as biodiesel and 
natural gas-powered medium- and heavy-duty vehicles. 

The lab has forged strong partnerships with industry leaders including Bosch, Cummins, 
Volvo, Parker Hannifin, Smith Electric, Navistar, and Odyne, along with fleet operators, 
to make sure that scientific research is addressing key national-scale challenges. DOE 
and the lab hope to establish additional forums and facilities to leverage the 
collaborative expertise of these government, research, and industry partners. 

The Need for Big Data, Analytics, and High-Performance Computing 

Optimizing technology solutions for a complex interconnected transportation system 
requires utilizing and coordinating massive amounts of information with new high-speed 
computational modeling and simulation tools. While this data explosion is already 
transforming transportation, maximizing mobility and energy productivity calls for new 
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robust and efficient techniques to capture, store, analyze, and execute in real time. 

Additionally, accurate and faster-than-real-time models of integrated transportation 
networks for large metropolitan regions are needed to direct, coordinate, and schedule 
the movement of people and goods. NREL and DOE are exploring new approaches to 
pave the way for these groundbreaking changes through fundamental advances in big 
data, analytics, machine learning, high-performance computing (HPC), and 
optimization/control theory. 

NREL already offers the nation’s most credible and complete transportation energy 
efficiency clearinghouses for validated and up-to-date statistics, data analysis, and 
tools, pairing information from government and private sector partners with expertise in 
analysis and applications. The data-driven insight and decision-making capabilities 
facilitated by NREL's robust arsenal of integrated tools help industry partners overcome 
technical barriers and accelerate the development of advanced transportation 
technologies and systems that maximize energy savings and on-road performance 
while reducing operating costs. 

NREL’s portfolio of databases—Fleet DNA, Transportation Secure Data Center (TSDC), 
National Fuel Cell Technology Evaluation Center (NFCTEC), and Alternative Fuels Data 
Center (AFDC), to name a few—feature real-world, on-road transportation and energy 
systems data and contribute to numerous R&D activities. Coupled with these world- 
class data resources and capabilities is NREL’s wide assortment of models and tools 
that enable users to perform a wide array of tasks—evaluate real-world vehicle 
efficiency, compare powertrains, assess component improvements, use real-world data, 
or simulate representative drive cycles evaluating systems and components, compare 
battery-use strategies, and much more. 

Conclusion 

Yes, significant improvements to vehicle efficiency are underway, and concurrent 
advances in connected and automated technologies are rapidly transforming America's 
transportation ecosystem. Passenger vehicle fuel economy has improved significantly in 
recent years. Today's drivers can choose from EV, HEV, and optimized gasoline-fueled 
models with a range of automated features. Ride-sharing services make it possible to 
hail a car, track its arrival, and pay the fare with just a tap on a smartphone app. The 
Internet of Things is enabling connectivity and communications among drivers, vehicles, 
roadways, charging systems, transit networks, buildings, the utility grid, and more. 

Research breakthroughs have helped make this possible, and marketplace competition 
continues to drive industry to embrace innovation. That said, we still have a long way to 
go, and DOE, NREL, and the national labs are working hard to push efficiency even 
further. Expanded automated vehicle capabilities could deliver even more convenient 
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and affordable mobility options. More extensive vehicle electrification and charging 
infrastructure could drive down costs and boost efficiency. Introduction of more 
commercial FCEVs and hydrogen stations could result in a truly zero-emission fleet. 

At the same time, we need to bridge from existing transportation resources. Americans 
will keep driving vehicles powered by internal combustion engines for years to come, so 
let's work to make them as efficient and clean as possible. Our nation also has an 
abundance of domestic natural gas and biomass reserves that should be more 
effectively leveraged to provide additional transportation options. 

We will continue to build on our existing relationships to advance this vision, including 
DOE public-private partnerships such as U.S. DRIVE (Driving Research and Innovation 
for Vehicle efficiency and Energy) and the 21st Century Truck Partnership. 

DOE, NREL, and the other national labs will remain dedicated to pursuit of innovations 
that promise substantial benefits to consumers and businesses, with new fundamental 
science and sophisticated systems-level technology integration to ensure that 
widespread adoption provides maximum affordability, reliability, and security benefits. 
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Mr. Shimkus. Thank you. Now I would like to turn to Dr. Linn. 
You are recognized for 5 minutes and again thank you for being 
here. 


STATEMENT OF JOSHUA LINN 

Mr. Linn. Thank you distinguished members of the sub¬ 
committee for inviting me to speak today. My name is Joshua Linn. 
I am an Associate Professor in the Department of Agricultural and 
Resource Economics at the University of Maryland and a senior fel¬ 
low at Resources for the Future, a nonprofit and nonpartisan envi¬ 
ronmental economic think tank. The views I express today are my 
own. 

New technologies are fundamentally changing the vehicles people 
buy and the way they travel. Each year, passenger vehicles become 
more efficient, safe, and fun to drive. New car buyers can choose 
among an expanding number of vehicle options. Information tech¬ 
nologies continue to create new travel options such as ride sharing 
or ride-hailing services and bike share programs. 

The future may bring ever increasing levels of automated driv¬ 
ing. These are exciting technological developments, but their impli¬ 
cations for energy security and the environment are complex. My 
central point today is that these innovations benefit the U.S. econ¬ 
omy and that well-designed policies can foster innovation while en¬ 
suring that societal objectives are met. I will make several specific 
points based on observations of recent consumer and automaker be¬ 
havior. 

First, tightening standards for fuel economy and greenhouse gas 
emission standards have imposed costs on both automakers and 
consumers. Following a long period of constant fuel economy stand¬ 
ards, the National Highway Traffic Safety Administration and EPA 
have been tightening these standards. My research suggests that 
consumers undervalue recent improvements in fuel economy. 

Over the past decade, automakers have gradually raised fuel 
economy to meet tightening standards. Based on data covering 
about a half million recent new vehicle buyers between 2010 and 
2014, on average, consumers are willing to pay only about $50 for 
$100 worth of fuel savings. The fact that consumers do not want 
to pay the full hundred dollars implies that automakers cannot 
pass on all the costs to consumers. 

The regulatory agencies assume that when automakers adopt 
fuel-saving technology, they raise vehicle prices sufficiently to cover 
costs. But if consumers only pay half the value of the fuel savings 
and the technology costs more than consumers are willing to pay, 
automakers can’t raise prices sufficiently to cover costs without 
harming their sales. Thus, undervaluation implies the cost of tight¬ 
er standards are borne by both consumers and automakers. 

My second point is that tighter standards have affected vehicle 
horsepower and other attributes as well as fuel economy. An auto¬ 
maker raises the vehicle’s energy efficiency when it adopts fuel-sav¬ 
ing technology. The automaker can then decide whether to use the 
additional efficiency to boost fuel economy, horsepower, or both. 

Typically, consumers are willing to pay more for horsepower than 
for an equivalent amount of fuel economy. Consequently, in the 
1990s and 2000s when standards were changing, or not changing, 
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automakers adopted fuel-saving technology and added the effi¬ 
ciency, and used the efficiency to boost horsepower and increase ve¬ 
hicle size without affecting fuel economy. 

During that time, horsepower tended to improve about 2 percent 
per year on average. Then, when standards began tightening, auto¬ 
makers used those energy-saving technologies to boost fuel econ¬ 
omy rather than horsepower. In other words, consumers are fore¬ 
going the horsepower improvements under tighter standards that 
would have occurred if the standards had been left untightened. 
These foregone improvements appear to be costing consumers sev¬ 
eral billion dollars per year as compared to about $20 billion in fuel 
savings that they are getting from the higher fuel economy. 

The third point is that so far the total cost of the standards ap¬ 
pear to have been modest. The costs are difficult to observe, but re¬ 
search by my RFF colleagues suggest that marginal costs may have 
been $40 to $60 per metric ton of carbon dioxide, based on trades 
of compliance credits. These numbers are suggestive, but they are 
also modest because they are comparable to previous estimates of 
the social cost of carbon dioxide or the fines paid under the fuel 
economy standards for noncompliance. 

The tightening standards for vehicle fuel economy and green¬ 
house gas emissions have induced technology adoption and prob¬ 
ably some innovation. The automobile industry has demonstrated 
quite a lot of ingenuity which has kept the total cost of the stand¬ 
ards to a modest level. As long as standards continue to provide 
automakers flexibility to figure out the best compliance strategies, 
I fully expect these patterns to continue in the future. 

The fourth point is that gasoline-powered vehicles are likely to 
continue dominating the market for some time. Many policies 
incentivize consumers to buy or lease plug-ins. These policies com¬ 
bined may amount to $10- to $20,000 per vehicle of direct subsidies 
or indirect subsidies that may be funding charging infrastructure 
and the like. Nevertheless, consumers appear to continue buying, 
preferring gasoline powered vehicles. Declining battery costs and 
other innovations will surely increase the plug-in market share, 
but just how much is difficult to say. 

Finally, new information technologies are transforming the way 
people travel. This is generally reducing travel costs and likely to 
increase total travel as well as total vehicle use. Fortunately, these 
changes can be addressed by adjusting the way that the standards 
are set. Right now, they provide equal incentives for changes in 
fuel economy regardless of how much the vehicle is driven allowing 
for that possibility that vehicles are driven different amounts 
would correct this inefficiency of the standards that has existed all 
along, but which these changes in travel may be exacerbating. 

So again I want to thank you for inviting me to speak today and 
look forward to your questions. 

[The prepared statement of Mr. Linn follows:] 
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Thank you. Chairman Shimkus, Ranking Member Tonko, and distinguished members of the 
Subcommittee, for inviting me to speak today. My name is Joshua Linn. I am an Associate 
Professor in the Department of Agricultural and Resource Economics at the University of 
Maryland, and a Senior Fellow at Resources for the Future (RFF), a nonprofit and nonpartisan 
environmental economics think tank.' My research focuses on how consumers choose their 
vehicles and how much to drive, and how automakers choose technology. 

New technologies are fundamentally changing the vehicles people buy and the way they travel. 
Each year, passenger vehicles become more efficient, safe, and fun to drive. New car buyers can 
choose among an expanding number of plug-in vehicles, in addition to the more familiar 
gasoline, hybrid, and diesel options. Information technologies continue to create new travel 
options, such as ride-sharing services and bike-share programs. The future may bring ever- 
increasing levels of automated driving, further benefiting consumers. At the same time, policies 
to promote innovation and new technologies exist at both federal and state levels—including 
standards for vehicle fuel economy and greenhouse gas emissions, tax credits for plug-ins, and 
subsidies for infrastructure and research. 

These are exciting technological developments, which will benefit the US economy. 
However, their implications for energy security and the environment are more complex. 


1 RFF is an independent, nonprofit research institution focused on environmental, energy, and natural resource 
economics and policy. The opinions 1 express today are my own, and represent positions of neither the University of 
Maryland nor RFF. 
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On the one hand, innovations that reduce fuel consumption help us improve energy 
security and the environment. New information technologies make the transportation 
system more efficient. On the other hand, these same technologies may lead to more 
driving, higher fuel consumption, and increased emissions. Fortunately, well-designed 
policies can simultaneously foster innovation that benefits society while meeting energy and 
environmental policy objectives. 

I’ll make three additional points: 

1. So far, tightening standards for fuel economy and greenhouse gas emissions have 
imposed modest costs on automakers and consumers, and benefits likely exceed the costs. 
Consumers do not appear to fully value the fuel cost savings from higher fuel economy, 
causing automakers to absorb some of the costs of the standards. Tighter standards have 
driven technology adoption and affected vehicle attributes other than fuel economy, such 
as horsepower. 

2. Gasoline-powered vehicles are likely to continue dominating the market for some time. 
Presently, subsidies are largely driving the plug-in vehicle market. In the future, declining 
battery costs and improving vehicle quality will surely boost sales, but it is very difficult 
to say how much and how quickly. 

3. New travel options are changing how people get around. Adjusting the structure of fuel 
economy and greenhouse gas standards to reflect vehicle usage can ensure that policy 
objectives continue to be met. 

Background: Greenhouse Gas Standards 

To provide historical context, Figure 1 shows the fuel economy standards (managed by the 
National Highway Traffic Safety Administration, NHTSA) and greenhouse gas emissions 
standards (administered by the Environmental Protection Agency, EPA) for cars and light trucks 
from 1994 through 2025. These standards were essentially flat between the late 1980s and the 
mid-2000s, and average fuel economy and greenhouse gas emissions rates did not change much 
during those years. Standards have been tightening since 2005 for light trucks and 2011 for cars, 
meaning higher fuel economy, lower fuel consumption rates, and lower emissions. 
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Under current regulations, fuel economy would roughly double between 2011 and 2025. That's a 
dramatic change after a long period of stasis. 


Figure 1. Fuel Economy and Greenhouse Gas Standards, Historical and Projected 



Source: Leard and McConnell (2017). 


Consumer Demand for Fuel Economy 

Tighter standards cause automakers to adopt fuel-saving technology, increasing fuel economy 
and reducing greenhouse gas emissions. In this section and the next, I focus on gasoline-powered 
vehicles, which currently account for about 99 percent of the US market. Here, I discuss how 
fuel-saving technology affects consumers. 

Suppose an automaker increases a vehicle’s fuel economy without changing anything else about 
the vehicle, and the higher fuel economy saves the consumer $100 in fuel costs over the 
vehicle’s life. If the consumer is willing to pay less than $100 for the increase in fuel economy, 
undervaluation is at play—the consumer undervalues the cost savings from higher fuel economy. 
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Undervaluation has important implications for how standards affect consumers. Suppose that the 
technology costs $90 and saves consumers $100 in fuel costs. If consumers are willing to pay 
less than $90 for the technology, the automaker won’t be able to recoup its related costs and it 
won’t add the technology. That’s a market failure because society would be better off if the 
automaker raises fuel economy; the value of the fuel savings ($100) exceeds the cost of the 
technology ($90). This market failure is often referred to as the energy efficiency gap, or energy 
efficiency paradox. 

Because of this market failure, standards for fuel economy (or greenhouse gas emissions) could 
make consumers better off. Essentially, standards “correct” the mistake that consumers make and 
compel automakers to offer higher fuel economy. In other words, undervaluation would provide 
a justification for regulating fuel economy and greenhouse gas emissions, even if one ignores the 
societal costs of fuel consumption and emissions (for example, regarding energy security, 
climate, etc.). 

The EPA and NHTSA claim that this market failure exists. Their argument is largely based on 
the observation that automakers do not appear to adopt fuel-saving technologies as quickly as 
one would expect, given the estimated costs and fuel savings of those technologies. As 
summarized in a few reports by the National Research Council, an extensive literature analyzing 
technology costs and fuel savings supports this argument. 2 

There’s also quite a lot of evidence that gas prices affect consumer vehicle choices. 3 When gas 
prices go up (like they did in the mid-2000s), consumers shift from new light trucks to new cars; 
when gas prices go down (like they did between 2014 and 2015), consumers shift from new cars 
to new light trucks. Figure 2 depicts these patterns, and recent research has shown that gas prices 
affect consumer choices among individual vehicle models as well. 


2 For example, see National Research Council (2015). 

3 Many studies demonstrate strong links among gasoline prices, new vehicle purchases (e.g., Kiier and Linn 2010), 
scrappage of older vehicles (Jacobsen and van Benthem 2015), and overall fuel economy of the on-road fleet (Li et 
al. 2009). 
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Figure 2. Fuel Prices and Market Share of New Cars (Percent Changes) 


Panel A: 2003-2007 



■Car share — ** Fuel price (right axis) 


Panel B: 2012-2015 



Car share **» "■* Fuel price {right axis} 


Source: Calculations using data from Wards Auto and US Bureau of Labor Statistics. 


The fact that sales respond to gas prices is relevant, but it does not exactly answer whether 
consumers undervalue fuel economy. This is a harder question to answer—and up until a few 
years ago, the evidence was all over the place. 4 Then, based on gasoline price changes in the 
1990s and early 2000s, several high-quality studies concluded that consumers fully or nearly 
fully value fuel economy, for both new and used vehicles. 5 

However, newer evidence suggests that consumers undervalue recent improvements in fuel 
economy. Over the past decade, automakers have gradually added fuel-saving technology and 
raised fuel economy to meet tightening standards. For example, between 2013 and 2014, Honda 
installed a continuously variable transmission in the Honda Civic EX-L, which raised fuel 
economy from 31.5 miles per gallon to 32.3. (This type of transmission matches the engine and 
wheel speeds more efficiently than a conventional transmission.) Many other examples like this 
one exist, and we can ask how much consumers typically pay for the higher fuel economy. Based 
on data covering about a half million recent new vehicle buyers between 2010 and 2014, on 
average, consumers pay about $50 for $100 of fuel savings. 6 Note that consumers get the full 
benefit of the higher fuel economy, by way of lower fuel costs—it’s just that they’re not willing 


4 See Helfand and Wolverton (2009) for a review of the literature. 

5 See Busse et al. (2013), Alicott and Wozny (2014), and Sallee et al. (2016). 

6 See Leard et al. (2017). 
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to pay for the full value of the savings. This may be because they’re not aware of the savings, or 
for other reasons. 

Consumer undervaluation suggests that fuel economy standards can address the market failure 
for fuel economy. It also implies that automakers have a hard time passing on the costs of the 
standards to consumers. The EPA and NHTSA assume that when automakers adopt fuel-saving 
technology, they raise vehicle prices sufficiently to cover costs. But if consumers only pay half 
the value of the fuel savings, and the technology costs more than consumers are willing to pay, 
automakers have a difficult choice to make. The first option is to raise vehicle prices to cover 
their costs. This would cause consumers to choose other vehicles, because they don't think the 
price increase is worth the fuel savings (even though it is actually worth the savings). Vehicle 
sales and profits would decrease. The other option is to raise vehicle prices by the amount 
consumers are willing to pay, absorbing the difference between the technology costs and price 
increase. For example, if it costs $90 to raise fuel economy enough to save consumers $100, 
automakers will raise vehicle prices to cover $50 of those costs, incurring a loss of $40. In either 
case, automaker profits decrease. Thus, undervaluation implies that the costs of tighter standards 
for fuel economy are borne by both consumers and automakers. 

Fuel-Saving Technology, Vehicle Attributes, and the Costs of Greenhouse Gas Standards 

This section considers the total costs of the greenhouse gas standards. I’ll discuss how the 
standards affect automaker technology choices, and summarize some recent evidence on the 
costs of the standards. 

An automaker that adds fuel-saving technology to one of its vehicles must decide how to 
integrate that technology and choose the vehicle’s fuel economy and horsepower. Suppose an 
automaker has a vehicle for which it is considering adding fuel-saving technology. For example, 
a technology called cylinder deactivation can improve the efficiency of large engines by shutting 
off some of the cylinders when the vehicle is under light load. Automakers have recently added 
this technology to many light trucks, but let’s suppose that the particular vehicle in this example 
does not have it. Typically, we think that when the automaker adds a technology such as this one, 
it uses the technology to raise fuel economy, while leaving other attributes (such as horsepower) 
unchanged. But it doesn’t have to do this. Instead, the automaker can add the technology, and 
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then make further changes to the engine or transmission that effectively result in higher 
horsepower without changing fuel economy (compared to the initial vehicle). In other words, the 
automaker improves the vehicle’s efficiency when it adds the fuel-saving technology. The 
automaker can decide whether to use the additional efficiency to boost fuel economy, 
horsepower, or both. 

Given this flexibility to choose between horsepower and fuel economy, what do automakers 
actually do? Typical consumers are willing to pay more for horsepower than for an equivalent 
amount of fuel economy. Consequently, during times when the standards weren’t changing, 
automakers adopted fuel-saving technology and used the added efficiency to boost horsepower 
while leaving fuel economy unchanged. For example, the National Museum of American History 
has an early version of the Honda Civic from the 1980s—it was tiny compared to today's Civic. 
The early Civic and today’s version get similar levels of fuel economy, but today’s Civic is much 
larger and has roughly double the horsepower because of all the technology that Honda has 
added over the past 30 years. 

However, tighter standards change the automaker’s incentives. With tighter standards, when an 
automaker adds technology it now has a greater incentive to use the technology to boost fuel 
economy. Therefore, with tighter standards, automakers are more inclined to use fuel-saving 
technology to boost fuel economy than when standards are held constant. 

Figure 3 shows exactly these patterns, illustrating changes in horsepower and fuel economy for 
cars and light trucks, between 1996 and 2015. Standards for cars didn’t change from 1996 
through 2011, and during that time automakers raised horsepower by about 2 percent per year on 
average, leaving fuel economy basically unchanged. Then, when standards began tightening in 
2012, fuel economy increased 2 percent per year, and horsepower didn’t change at all. Light 
trucks show a similar patter, where the standards began tightening in 2005. Essentially, tighter 
standards caused fuel economy to improve rather than horsepower, implying that tighter 
standards caused consumers to forgo the horsepower improvements they would have enjoyed if 
standards hadn’t tightened. Several recent studies quantify the magnitude of these costs to 
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consumers from the forgone horsepower improvements, finding them to be on the order of 
several billion dollars per year (compared to fuel savings of roughly $20 billion per year). 7 

Figure 3. Historical Changes in Fuel Economy and Horsepower 


Year-to-year growth rates in fuel economy (miles per gallon) and horsepower 



Source: Calculations from Wards Auto data. 

Tighter standards also cause automakers to adopt fuel-saving technology more quickly. Adding 
technology raises vehicle costs, and when standards are unchanging automakers add technology 
if they think consumers are willing to pay for the higher horsepower (or other attributes). When 
standards are tightening, they create an additional incentive for automakers to add fuel-saving 
technology. Consequently, we expect more technology adoption when standards tighten. 

This also seems to be happening. Figure 4 shows percent changes in power train efficiency for 
cars and light trucks since 2000. Efficiency is defined to include both fuel economy and 
horsepower changes, as well as other attributes related to fuel economy (such as weight). The 
vertical lines show the periods in which new standards were created for cars and light trucks. In 
both cases, after the standards tighten, the curve gets steeper, implying faster technology 
adoption and efficiency improvements. For example, efficiency of cars improved by about 1 
percent per year before the standards tightened, and 2 percent per year after they tightened. 


7 See Klier and Linn (2016) and Leard et al. (2017). 
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Figure 4. Percent Changes in Power Train Efficiency for Cars and Light Trucks Since 2000 



Source: Adapted from Klier and Linn (2016). 

To summarize, tighter standards have increased the rate of technology adoption and caused 
consumers to forgo horsepower improvements. These changes imply costs, but just how large are 
those costs? 

Under the new standards, which allow automakers to trade compliance credits, the credit price is 
proportional to the costs (i.e., the marginal costs) of the standards. For example, for an 
automaker selling emissions credits, the credit price is at least as high as the marginal cost of 
reducing emissions; otherwise, the automaker would be losing money by selling credits. A recent 
study by my RFF colleagues suggests that these credit prices have been modest; about $40 per 
metric ton of carbon dioxide, or (equivalently) about $100 per mile per gallon per vehicle. 8 1 
consider these costs to be modest because they’re comparable to previous estimates of the social 
cost of carbon dioxide or the fines paid under the fuel economy standards for noncompliance. In 
other words, even though the standards thus far impose costs on automakers and consumers, the 
benefits appear to exceed the costs. 

Plug-In and Information Technologies 

Because of their dominance in the US market. I’ve focused on gasoline-powered technologies 
thus far in my testimony. Yet plug-in vehicle technologies are gaining market share and could 
potentially replace gasoline-powered vehicles in the long term. 


8 See Leard and McConnell (2017). 
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A range of policies incentivize consumers to buy or lease plug-ins. Some subsidies directly 
reduce the cost of obtaining these vehicles (such as federal and state tax credits for purchasing 
them). Other subsides are indirect, such as publicly funded infrastructure for recharging plug-in 
vehicles (which reduces refueling costs). Importantly, California’s Zero Emission Vehicle 
Program mandates a certain level of plug-in sales in California and across several other states 
that have joined the program. 

Presently, plug-in vehicle sales depend on subsidies. Since 2011, when plug-ins first entered the 
US market, their market share has grown to about 1 percent. Automakers are regularly 
introducing new plug-ins, such as the Tesla Model 3. Direct subsidies are typically at least 
$10,000 per vehicle, and indirect subsidies could easily add a further $10,000 per vehicle. 9 
Nevertheless, most consumers currently choose other vehicles. 

The experience with hybrid vehicles may be instructive about what happens with plug-ins. With 
hybrids, each successive version was better than the one it replaced. The same should hold true 
with plug-ins, as vehicles become easier to operate and more enjoyable to drive. Battery costs 
will continue falling, bringing the cost of producing a plug-in closer to the cost of producing an 
otherwise comparable gasoline-powered vehicle. However, as we’ve seen with hybrids, the 
transition from one vehicle technology to another tends to be gradual. 

Plug-in innovation benefits automakers and consumers, as well as society. Consumers benefit 
from better technologies and expanding vehicle options; automakers benefit from higher profits 
and lower costs of meeting standards for fuel economy and greenhouse gas emissions. Where 
society is concerned, compared to gasoline-powered vehicles, plug-ins consume less gasoline 
and also reduce emissions (this will be true especially in the future, as electricity generation 
becomes cleaner). 

New information technologies are transforming the way many people travel. Technologies that 
enable ride-sharing services, such as Uber, offer consumers new transportation options. 
Numerous cities have bike-share programs. In some cities, private companies compete with the 
main program (for example the brightly colored dockless bikes that were recently sprinkled 


9 See Jcnn et al. (2016) and Linn and McConnell (2017). 
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across Washington, DC). Many consumers take advantage of these new options, reducing their 
travel costs, travel times, or both. The benefits to consumers are quite large, perhaps billions of 
dollars per year for Uber users alone. 10 

In thinking about the future, we should be careful about getting caught up in the hype about these 
technologies. About 10 years ago, after decades of steadily growing vehicle use, it appeared that 
vehicle use was leveling off and even decreasing. Many observers argued that differences in 
driving behavior were causing these changes (such as miilennials who do not own a car or even 
have a driving license). But it turns out that this slowdown in driving growth was temporary, and 
caused mainly by economic factors, especially slowing income growth and employment (largely 
due to the 2008-2009 recession). 11 That is, it’s true that miilennials drive less, but other factors 
were more important. By analogy, ride-sharing services are clearly affecting travel for many 
people, but it’s unclear whether they’ll ultimately affect travel far outside urban areas. 

Although these new information technologies benefit consumers, the technologies have uncertain 
effects on energy security and the environment. Standards for fuel economy and greenhouse gas 
emissions aim to reduce fuel consumption and emissions. They target fuel consumption rates 
(gallons of fuel per mile of travel) or emissions rates (grams of carbon dioxide per mile). Total 
fuel consumption and emissions depend on not just these rates, but also miles traveled; for 
example, total fuel consumption equals the average fuel consumption rate, multiplied by total 
miles traveled. Therefore, if information technologies increase total travel, they could increase 
total fuel consumption and emissions. 

We should expect information technologies, particularly ride-sharing services, to increase miles 
traveled. Individuals who would have previously used public transportation or walked may now 
prefer using Uber, Lyft, or other services. This would imply a shift in travel behavior to ride¬ 
sharing and away from non-vehicle travel. There could also be an increase in total travel. Some 
individuals who might have stayed home may now use a rideshare because of the lower travel 
costs. Lower travel costs benefit consumers, as they can now enjoy cheaper and less time- 
consuming travel. But, from a societal perspective, total fuel consumption and greenhouse gas 


10 See Cohen et al. (2016). 

11 See Leard et al. (2016). 
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emissions may increase. A similar argument would apply to fully automated vehicles in the 
future. 

Implications of New Technologies for Federal Policy 

I’ll discuss two implications of these technological innovations for federal policy. First, the 
tightening standards for vehicle fuel economy and greenhouse gas emissions have induced a lot 
of technology adoption for gasoline-powered vehicles, making them more efficient and less 
costly for consumers. The standards have probably induced some innovation as well— 
technologies that wouldn’t exist if it weren’t for the standards. Technology adoption and 
innovation are no accident, as they are exactly what we expect to occur under flexible regulations 
that set standards for automakers and allow them to figure out how to comply. The automobile 
industry has demonstrated quite a lot of ingenuity, and that’s helped keep the costs of the 
standards at a modest level. 

Second, fuel economy and greenhouse gas emissions standards could be adjusted to account for 
changes in travel behavior and vehicle utilization. State and local policies will continue to affect 
how information technologies influence total vehicle use (for example, policies that encourage 
carpooling). But federal vehicle fuel economy and greenhouse gas emissions standards also play 
an important role. Right now, an automaker's fuel economy and emissions requirements do not 
depend on how much its vehicles are driven; all cars arc subject to one set of standards and all 
trucks are subject to another set of standards. For example, suppose an automaker sells two types 
of vehicles, the first of which is typically driven 100,000 miles over its lifetime, and the second 
of which is typically driven 200,000 miles. A given fuel economy improvement to the high- 
mileage vehicle saves twice as much fuel as would the same fuel economy improvement for the 
low-mileage vehicle. Consequently, the automaker should be rewarded twice as much under the 
standards for improving the fuel economy of the high-mileage vehicle. But in fact, the standards 
create the same incentive for the two types of vehicles. 

This inefficiency has always existed with the standards. It implies that automakers do not have 
the right incentives for choosing fuel economy across the vehicles in their fleets. Changes in 
travel behavior caused by information technology could exacerbate this inefficiency. Federal 
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standards could address it by crediting fuel economy improvements or greenhouse gas emissions 

reductions based on a vehicle’s expected mileage. 
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Mr. Shimkus. Thank you. The chair now recognizes Mr. Jeremy 
Martin and you are recognized for 5 minutes. Dr. Martin, I am 
sorry. 


STATEMENT OF JEREMY MARTIN 

Mr. Martin. Thank you very much. Chairman Shimkus, Ranking 
Member Tonko, and members of the subcommittee thanks for the 
opportunity to testify today. 

As has been noted, it is an exciting time to work in transpor¬ 
tation. We are entering a period of change more profound than any 
since the automobile era began a century ago. But while autono¬ 
mous vehicles get a lot of the attention, changes in our fuels and 
vehicles also have important implications for our economy and our 
environment. So thanks for holding this timely hearing and invit¬ 
ing me to share my views. 

The fuels of the future will be cleaner and more diverse and the 
transition to these fuels is already underway. Any examination of 
transportation fuels must start with oil. Petroleum-based fuels are 
the dominant source of global warming pollution in the transpor¬ 
tation sector which recently surpassed the electricity sector to be¬ 
come the leading source of U.S. carbon dioxide emissions. 

There is no path to climate stability that does not involve dras¬ 
tically cutting our oil use. The Union of Concerned Scientists has 
developed a plan to cut projected oil use in half in 20 years through 
improvements in efficiency and innovative clean fuels including 
electricity and advanced biofuels. The largest near-term oppor¬ 
tunity to cut oil use comes from efficiency improvements which are 
not only important to the climate but also protect consumers from 
oil price volatility. 

Oil price volatility remains a major risk. EIA’s projections for a 
decade from now suggest that gasoline could cost anywhere from 
$2.19 a gallon to $5.21 a gallon, depending on the price of oil. This 
price risk is mitigated by the improving fuel efficiency of our fleet. 
No matter what the price of gas, consumers save because of cost- 
effective vehicle efficiency standards. The EIA forecasts that 10 
years from now, thanks to these standards, the average driver will 
use a hundred gallons less to drive 10,000 miles than they do 
today. Using less oil is the best insurance against oil price vola¬ 
tility, so protecting vehicle efficiency standards is critically impor¬ 
tant. 

But while oil is the largest part of the mix today, this is starting 
to change. For 50 years, from 1958 to 2008, oil supplied at least 
95 percent of U.S. transportation energy. But oil’s hegemony began 
as the last coal-fired steam locomotives were replaced with diesels 
and it ended when refineries and gasoline distributors adopted a 10 
percent blend as the main source of gasoline. 

Ethanol used as a high-octane blending component of gasoline is 
less expensive and less polluting than the fossil fuel alternatives. 
But the rapid scale up of corn ethanol to supply this fuel also had 
negative consequences, putting pressure on agricultural commodity 
markets, exacerbating water pollution associated with corn farm¬ 
ing, and land conversion as corn acreage expanded to meet the new 
demand. 
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More recently, the growth of biofuels has come mostly from bio¬ 
diesel produced from soybean oil and other lower value fats and 
oils, and biomethane, a waste-based transportation fuel that dis¬ 
places fossil fuels while supporting the capture and destruction of 
methane, a potent climate pollutant. Cellulosic ethanol from corn 
kernel fiber and corn stalks is also growing, albeit more slowly 
than originally hoped. 

Looking into the future, the importance of electricity as a trans¬ 
portation fuel is no longer a matter of dispute, although how quick¬ 
ly this transition occurs remains uncertain. Today, U.S. companies 
are leading the way on EV technology, but without the support of 
policies the U.S. will cede the field to economic competitors. This 
will not stop the inevitable transition to electric vehicles. However, 
this transition will take time and will proceed at different rates in 
different parts of the transportation sector. Petroleum and biofuels 
will remain an important part of our fuel mix for decades to come, 
so it is important to use them wisely. 

Smart deployment of biofuels can support the progress of vehicle 
efficiency. The success of E10 demonstrates that ethanol is most 
valuable when it is used for its high-octane properties and the Co- 
Optima project shows the potential to build on this success. Auto¬ 
makers motivated by rising vehicle efficiency standards are cur¬ 
rently putting engine technologies in the market such as 
turbocharging that would benefit from the deployment of high-oc¬ 
tane fuels. However, until cost effective, high-octane fuel is reliably 
available, automakers won’t sell cars with the higher compression 
and downsized engines required to realize the benefits of the co-op- 
timized system. 

Phasing in a new fuel gradually for use by optimized vehicles 
will avoid shocks to the agricultural commodity markets and ex¬ 
tend the useful lifetime of investments of ethanol production while 
making even deeper cuts in oil use than will be possible if we re¬ 
main stuck at the E10 blend wall. Policies to support fuels and ve¬ 
hicles of the future should focus on cutting oil use and supporting 
the growth and innovation in the cleanest vehicles and fuels and 
this work is far from done. Thank you. 

[The prepared statement of Mr. Martin follows:] 
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Future of Fuels and Vehicles Testimony 

Jeremy Martin, Ph.D. Senior Scientist and Fuels Lead, Clean Vehicles, Union of Concerned Scientists 


Chairman Shimkus, Ranking Member Tonko, and members of the subcommittee, thank you for the 
opportunity to testify in front of this subcommittee today. The Union of Concerned Scientists puts 
rigorous, independent science to work to solve our planet's most pressing problems. 

It is an exciting time to work in transportation. Experts agree that we are entering a period of change 
more profound than any since the automobile era began a century ago. But while autonomous vehicles 
are currently getting the most attention, changes in our fuels and vehicles also have important 
implications for our economy and environment, so thank you for holding this timely hearing, and for 
inviting me to share my views. 

My recent report. Fueling a Clean Transportation Future, found that the fuels of the future will be 
cleaner and more diverse, and the transition to these fuels is already underway. 

Any examination of transportation fuels must start with oil. Petroleum-based transportation fuels are 
the dominant source of global warming pollution in the transportation sector, which has recently 
surpassed the electricity sector to become the leading source of U.S. carbon dioxide emissions. There is 
no path to climate stability that does not involve drastically cutting our oil use. 

The Union of Concerned Scientists has developed a plan to cut projected oil use in half in 20 years 
through improvements in efficiency and innovative dean fuels, including electricity and advanced 
biofuels. The largest near-term opportunity to cut oil use comes from efficiency improvements, which 
are not only important to the climate, but also protect consumers from oil price volatility at the pump. 
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Oil price volatility remains a major risk. Despite recent low oil prices, Energy Information Administration 
(EIA) projected that a decade from now gasoline could cost anywhere from $2.19 to $5.21 a gallon in 
2017 dollars, depending on the price of oil. This price risk is mitigated by the improving fuel efficiency of 
our fleet. No matter what the price of gas, consumers save because of cost-effective vehicle efficiency 
standards. EIA forecasted that ten years from now, thanks to these standards, the average driver will 
use 100 gallons less to drive 10,000 miles than they do today. Using less oil is the best insurance against 
oil price volatility, so protecting vehicle efficiency standards is critically important. 

But while oil is the largest part of the fuel mix today, this is starting to change. For 50 years, from 1958 
to 2008, oil supplied at least 95% of U.S. transportation energy. Oil's hegemony began as the last coal- 
fired steam locomotives were replaced with diesels, and ended when refineries and gasoline distributors 
adopted a 10% ethanol blend as the main source of gasoline. Ethanol used as a high-octane blending 
component of gasoline is less expensive and less polluting than the fossil fuel alternative. But the rapid 
scale up of corn ethanol to supply this fuel also had negative consequences, putting pressure on 
agricultural commodity markets, exacerbating water pollution associated with corn farming, and land 
conversion as corn acreage expanded to meet the new demand. 

More recently the growth of biofuels has come mostly from biodiesel, produced from soybean oil and 
other lower value fats and oils, such as animal fat, inedible com oil extracted from distillers' grains, or 
used cooking oil. Biomethane is also a growing waste-based transportation fuel, captured at landfills, 
waste-water treatment plants, and diaries, it displaces fossil fuel while supporting the capture and 
destruction of methane, a potent climate pollutant. Cellulosic ethanol from corn-kernel fiber and corn 
stalks is also growing, albeit more slowly than originally hoped. The agriculture sector has a major stake 
in a low-carbon future that goes beyond ethanol, to other advanced biofuels and biomaterials, to 
bioenergy with carbon capture and storage. Landscapes that integrate existing crops with perennial 
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grasses and trees can increase carbon storage in soils and plants while enhancing profitability and 
protecting water quality and soil health. 

Looking to the future, the importance of electricity as a transportation fuel is no longer a matter of 
dispute, although how quickly this transition occurs remains uncertain. The transition to electric 
vehicles (EVs) goes hand in hand with a transition to renewable power. Properly managed, EVs bring 
significant energy storage and demand flexibility to the power sector, providing grid services that save 
money not just for EV drivers, but also for other users of the grid. Today, U.S. companies are leading the 
way on electric vehicle technology, and, with supportive policy, the U.S. can continue to lead. Without 
supportive policies, the U.S. will cede the field to economic competitors, but will not stop the inevitable 
transition to electric vehicles. 

But the transition to electrification will take time, and will proceed at different rates in different parts of 
the transportation sector. Petroleum and biofuels will remain important parts of our fuel mix for 
decades to come, so it is important to use them wisely. 

Smart deployment of biofuels can support the progress of vehicle efficiency. The success of E10 
demonstrates that ethanol is most valuable when used for its high-octane properties, and the Co- 
Optima project shows the potential to build on this success. Automakers, motivated by rising vehicle 
efficiency standards, are currently putting engine technologies in the market - such as turbocharging - 
that would benefit from the deployment of high-octane fuels. However, until cost-effective high-octane 
fuel is reliably available, automakers won't sell cars with the higher compression and downsized engines 
required to realize the benefits of the Co-Optimized system. There is no feasible deployment of 
optimized cars and appropriate fueling infrastructure sooner than 2026. Moreover, phasing in a new 
fuel gradually for use by optimized vehicles will avoid shocks to agricultural commodity markets, extend 
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the useful life of investments in ethanol production, and make even deeper cuts in oil use than would be 
possible if we remain stuck at the E10 blend wall. 


Policies to support fuels and vehicles of the future should focus on cutting oil use and supporting growth 
and innovation in the cleanest vehicles and fuels. This work is far from done. 
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Mr. Shimkus. Thank you very much. Now I would like to turn 
to John Eichberger, Executive Director of Fuels Institute. Welcome. 
You are recognized for 5 minutes. 

STATEMENT OF JOHN EICHBERGER 

Mr. Eichberger. Thank you Mr. Chairman. And good morning, 
committee. Thank you for having me here today. 

Real quick about the Institute, we founded in 2013 and we are 
a nonprofit, collaborative, peer-reviewed research organization. We 
are unbiased. We do not advocate for any outcomes. Our goal is 
simply to deliver objective analysis of market conditions and trends 
to help decision makers make more informed decisions. That said, 
the comments I am delivering today are my own and they do not 
represent any specific position of anybody who is part of the Fuels 
Institute. 

Let me start by noting I have read the written statements of all 
my co-panelists and there is almost nothing in their written state¬ 
ments with which I disagree. It is absolutely an exciting time to 
be part of this industry. There is so much going on. Every day 
there are new headlines and new reports to digest and analyze to 
where the market is heading. But the headlines don’t always re¬ 
flect reality and it is important to understand the fundamentals of 
the market if we want to appropriately anticipate the direction the 
market might be heading. 

I truly do believe the electric vehicles will represent a majority 
of vehicles in the future. Where I differ with a lot of other people 
is the definition of when that future might arise, and this is not 
because I don’t believe the viability of the technology. It is because 
I look at the size of the market and I know it is going to take time 
to make a significant change. 

To demonstrate my point I do have a chart. It is in my written 
statement, but I will have it on the screen here in a minute too. 
I wanted to take a look to see how long it takes for the market to 
evolve and so what I did is I plotted if we were to introduce a new 
feature into every vehicle sold as of January 1st, 2017, how long 
would it take to get to a significant share of the market? 

The numbers I ran using EIA forecast for sales and scrappage 
rates means it would take 7 years before that feature was present 
in 50 percent of the vehicles on the road. That is a long turnaround 
to get something on the market. By contrast, battery electric and 
plug-in hybrid electric vehicles sold 1 percent of the vehicles last 
year. They represent 1 percent of the vehicles sold last year. 

So we have got a long way to go. And that sales rate in 2017 was 
a 26- 

Mr. Shimkus. Will the gentleman suspend for a minute? 

Mr. Eichberger. Sure. 

Mr. Shimkus. Are we going to put his slide up? 

OK, thank you. 

Mr. Eichberger. Thank you, Mr. Chairman. 

[Chart shown.] 

Mr. Eichberger. So if you take a look, that is the chart rate in 
terms of if every vehicle had a new feature, 100 percent market 
conversion, 7 years to get a 50 percent market share. EVs were 1 
percent of sales last year, there is a 26 percent growth rate over 
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2016. And this next chart, if I can have that one up, I wanted to 
find out what would happen if we continued an aggressive sales 
rate. 

[Chart shown.] 

Mr. Eichberger. So this plots a 26 percent and a 20 percent an¬ 
nual growth rate for battery and plug-in hybrid vehicles through 
2035. This results in a potential market share of 43 percent of cars 
sold in 2035, but only 10 V 2 percent of vehicles on the road. That 
is the size and scope of this market. It is going to take a long time. 
Even with aggressive sales it is going to take time to get some 
turnover, which means in 17 years 90 percent of the vehicles on the 
road will still be powered by an internal combustion engine and 
fueled with liquid fuels. 

The size of the market is enormous. We must not lose sight of 
that. Of course there are many factors that could accelerate the 
pace of change as outlined in my written testimony. But regardless, 
the internal combustion engine is going to dominate the market for 
decades to come and we are already seeing that market evolve. 
Downsized engines, start-stop applications, boosted engines, com¬ 
pression ignition, hybrids, variable compression ratio engines, auto 
engineers are charting new advancements all the time overseeing 
the benefits yielded to consumers. 

Among the top as it has gained a lot of attention recently over 
the last several years is to design an engine optimized to run on 
a specific higher-octane fuel. I have seen numerous technical re¬ 
ports indicating that this could provide a great benefit to efficiency, 
emissions, and performance for consumers. Fuels Institute, we 
have our own report coming out hopefully this May which seeks to 
answer some key questions about a high-octane fuel future. 

These questions include how would we produce the fuel, what are 
the constituents that would go into building that fuel? What would 
be the cost and feasibility and scalability? What are the distribu¬ 
tion issues? What is the anticipated level of demand for the new 
fuel and how long might it take to reach market maturity? There 
is potential here, but tradeoffs are probably going to be required 
and the transition is going to take time. 

The vehicles and fuels market is changing. Engines and fuels 
will become cleaner, more renewable and more efficient, but all 
transitions take time. I urge the committee to be suspicious of any 
prediction of eminent disruptive change. Most are focused on one 
causal factor and dismiss the numerous other factors that will in¬ 
fluence consumer decisions. Changing today’s transportation sys¬ 
tem will not be like introducing the car engine that replaced the 
horse and buggy. It will not be like introducing the smart phone 
which transformed pretty much all commerce and social interaction 
as we know it. 

Each example of a major, successful, disruptive event delivered 
compelling, immediate, and tangible value to the consumer that 
improved their quality of life in some real way and I question what 
options are we seeing in the transportation sector that could de¬ 
liver similar value and cause transformative disruptive change? 
Whatever change is on the horizon, if the consumer cannot access 
it or does not want to buy it, it will not succeed and we wasted 
time and resources. 
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I believe change ultimately is coming, but for the foreseeable fu¬ 
ture the market is going to look remarkably similar to the market 
we have today and the transition to something different will be 
measured and incremental. Thank you very much for inviting me 
today. 

[The prepared statement of Mr. Eichberger follows:] 
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Summary of Testimony 

• The vehicles and fuels market will change, but absent significant influence from an external 
factor (such as government policy) it will likely take decades before major shifts in the 
composition of the vehicles on the road or the fuels that power them will be achieved. 

• If every vehicle sold today were equipped with a new technology, it would take about seven 
years before the new feature is present in more than 50% of the vehicles on the road—and 
that is assuming 100% immediate and persistent market adoption. 

• Even when assuming a very aggressive rate of growth in the sale of battery electric vehicles 
and plug in hybrid electric vehicles (at 26% annual growth 2017-2025 and 20% annual 
growth 2026-2035), these vehicles would combine for 42.9% of all LDVs sold in 2035. Yet, 
because of the overall size of the market, their combined share of registered LDVs by that 
time is only 10.4%. 

• There are several external factors that affect these growth trajectories, including: 

o If oil prices go above $80 per barrel, retail fuel prices could accelerate consumer 
interest in alternative vehicles, including electric vehicles. 

o Global announcements to ban some interna! combustion engines (especially in China) 
could hasten the drop in battery prices and incent the auto industry to increase electric 
vehicle production, thereby influencing the domestic market. 

o If fleets can realize a substantial decrease in annual operating expenses by shifting to 
electric vehicles, their bulk purchases could accelerate market transition and signal to 
consumers that these vehicles are viable options. 

o Urbanization introduces new complexities for personal mobility at a time when 
younger generations are moving to cities and are more open to alternative 
transportation paradigms. Electric, autonomous on-demand mobility services could 
become a less expensive and sought-after alternative to personally owned vehicles in 
some markets, but the system is unlikely to gain national reach in the near term. 

o Advancements in the efficiency of internal combustion engine design, potentially 
paired with a change in fuel specification, promise to benefit consumers by delivering 
more miles per dollar, thereby could slow the pace at which consumers may seek out 
alternative powertrains, like electric vehicles. 

• Disruptive events must deliver compelling consumer value, reducing costs and friction in the 
market to such an extent that it leads to an improved quality of life. Absent such value, 
consumers are unlikely to rush to abandon traditional systems unless required to do so by an 
external force. Currently anticipated transportation options do not seem to offer such 
compelling value to result in transformative, disruptive change in the vehicle and fuels 
market. Consequently, change is likely to be incremental and take extended time. 
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Statement of John Eichberger 

Chairman Shimkus, Ranking Member Palione, members of the Subcommittee, thank you for 
inviting me to share my perspective with you today regarding “The Future of Transportation 
Fuels and Vehicles.” My name is John Eichberger and I am the Executive Director of the Fuels 
Institute. It is my pleasure to share with you my thoughts on the fundamental factors that might 
shape the future of the market. 

About the Fuels Institute 

The Fuels Institute, founded in 2013 by NACS (the trade association representing the 
international convenience and fuel retailing industry), is a 501(c)4 non-profit research 
organization focused on publishing peer-reviewed, unbiased research evaluating issues affecting 
the fuels and vehicles market today and in the future. Led by a diverse Board of Advisors, the 
organization does not advocate and has no vested interest in how the market develops. Research 
is commissioned to answer questions that decision-makers in the industry and government might 
have by providing data and perspectives that can lead to more informed decisions. In addition to 
publishing unbiased research, the Fuels Institute fosters cross-sector collaborative dialogue and 
provides common-sense analysis to the issues of the day. A list of our Board of Directors, Board 
of Advisors and contributing corporate partners and associations is available on our website and 
is reproduced in each published report.' A comprehensive list of our research published to date 
is available 1 2 , and a monthly newsletter containing market analysis in blog-form 3 is also available. 


1 http://www.fueIsinstitute.org/about.shtm 

2 http://www.fuelsinstitute.org/research.shtm 

3 http://www.fuelsinstitute.org/news/fuelsforthought/index.shtm 
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Disclaimer 

The comments presented in this testimony reflect those of myself (John Eichberger) only and do 
not constitute an official position of the Fuels Institute. The comments have not been reviewed or 
approved by any contributing partner of the Fuels Institute or any member of the Board. They 
reflect my perspective of the market as the Executive Director of the Fuels Institute and have 
been guided by Fuels Institute research, conversations with diverse stakeholders, third party 
research and data, market analysis and my nearly 20 years of experience in the transportation 
energy sector. This testimony should not be construed to represent the position of an individual 
or organization contributing to the Fuels Institute, or serving on a Fuels Institute committee or 
research task group. My testimony should not suggest or infer that the Fuels Institute supports or 
opposes any legislative or regulatory initiative. 

Overview 

When evaluating the future of the transportation market, the headlines and forecasts that predict 
a rapid change in market structure and behavior can be overwhelming. It is important to take this 
type of information and view it within the context of the existing market to better understand the 
validity of the predictions. If I could leave you with one message today it would be this: The 
market will change, but absent significant influence from an external factor, such as government 
policy, it likely will take decades before major shifts in vehicle composition and the fuels that 
power them will be achieved. 
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This is not to dismiss advancements in vehicle technology or powertrain diversification; it is 
simply a recognition of the size and scope of the current market, the amount of time vehicles 
remain in service and the nature of human behavior. 

Currently, there are nearly 250 million light-duty vehicles (LDV) registered in the United States. 
The U.S. Energy Information Administration (EIA) projects that an average of 16.6 million 
vehicles will be sold each year through 2030, and according to EIA’s projections for the size of 
the fleet, approximately 6% of vehicles on the road will be scrapped each year, 4 5 What this means 
it that it will take time before a new technology penetrates the market in a meaningful way. In 
fact, using these statistics as the foundation. Figure 1 plots the rate of market penetration if a new 
feature were to appear in 100% of the vehicles sold as of January 1, 2017. As you can see, it 
would take about seven years before the new feature is present in more than 50% of the vehicles 
on the road—and that is assuming 100% immediate and persistent market adoption. 3 By way of 
comparison, total sales of battery electric vehicles (BEVs) and plug in hybrid electric vehicles 
(PHEVs) combined represented just 1.1% of LDVs sold in 2017. 


4 https://www.eia.gov/outlooks/archive/aeol7/ 

5 http://www.fuelsinstitute.org/news/fueIsforthought/20I7/Jun2017-2.shtm 
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Figure 1. Vehicle Market Penetration of New Technology 



Source: Fuels Institute 


Yet the rate of sales growth for these electrified powertrains has been impressive: 26% more 
BEVs and PHEVs were sold in 2017 than 2016, according to WardsAuto. I believe strongly that 
these powertrains (BEVs more so than PHEVs) will eventually represent most vehicles on the 
road, but where I disagree with many headlines and aggressive forecasts is the timing of that 
eventuality. I believe this future is several decades away because the rate of market conversion is 
much slower than the rate of vehicle sales growth. 

To demonstrate, Figure 2 uses the same EIA data as Figure 1 and plots the share of LDV sales 
and registered LDVs for BEVs and PHEVs. For this illustration, the 26% rate of growth in 
BEV/PHEV sales recorded in 2016-2017 is extended annually through 2025. After then, 
however, because the overall market will have increased to a significant number rendering year- 
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over-year sales increases more difficult to achieve, the annual rate of growth is decreased to 20% 
through 2035, This remains a very aggressive forecast and results in BEVs and PHEVs 
combining for 42.9% of all LDVs sold in 2035. Yet, because of the overall size of the market, 
their combined share of registered LDVs by that time is only 10.4%. It should be noted also that 
in 2035, despite selling 7.5 million BEV and PHEV units, the United States will still incorporate 
into its existing fleet an additional 10 million units of traditional powertrain vehicles. 


Figure 2. BEV+PHEV Sales and Fleet Share 



Source: Fuels Institute 


Factors That Might Affect the Rate of Market Transition 

Figure 2 represents what I would consider to be a very aggressive rate of change in the 
composition of vehicle sales, yet it still affects only a modest change in the overall functioning of 
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the market. Nearly 90% of vehicles on the road will continue to be powered by liquid fuels in 
2035, despite the growth in electrification. But there are external factors that could influence this 
projection, which may include: 

• A sustained increase in crude oil prices 

• Global regulatory developments 

• Fleet vehicle purchases 

• Urbanization, generational shifts and mobility as a service 

• Advancements in the efficiency of internal combustion engines 

In the following pages, I will explore how each of these factors could change the future of the 
vehicles and fuels market. 

Crude Oil Prices 

According to EIA, since 2010 crude oil prices have contributed on average 60% to the retail 
price of gasoline. 6 When oil prices rise, so do retail gasoline prices and that generates enhanced 
consumer sensitivity to prices. According to NACS, at the beginning of 2018, after multiple 
years of relatively low prices, two-thirds of consumers continue to select their fuel retail outlet 
based on the posted price of fuel, and 38% still say they might drive as much as 10 miles out of 
their way to save 5 cents per gallon. 7 However, when gas prices are higher, consumer sensitivity 
is higher and translates into greater interest in alternative fuel vehicles. 


6 https://www.eia.gov/petroleum/gasdiesel/gaspump_hist.php 

7 Upcoming release in March 2018 issue of A 'ACS Magazine 
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Since 2013, the Fuels Institute and NACS annually ask consumers whether they are in the market 
to purchase a vehicle in the next few of years and, if so, whether they would consider certain 
alternative fuel/powertrain vehicles. As Figure 3 demonstrates, when retail fuel prices were 
above $3.50 in 2014, 84% of consumers said they would consider a hybrid vehicle. However, 
when fuel prices dropped to below $2.00 at the time of the survey in 2016, the percent of 
consumers who would consider a hybrid dropped to 44%. This level of sensitivity to gas prices 
and overall interest in alternative vehicles was demonstrated in overall sales of hybrids. Figure 4 
shows that when fuel prices dropped, not only did interest in hybrids decline but actual sales did 
too—from 3.2% of all LDVs sold in 2013 to 1.9% in 2016.® 


Figure 3: Consumers Might Consider a Hybrid 
Consumers Might Consider A Hybrid 



Source: OP1S, Fuels Institute, NACS 


www.fueisinstitute.org/forms/reportdownload.aspx?rid=Consumers-and-Alternative-Fuels-2017 
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Figure 4, Sales of Hybrids 

Sales of Hybrids 
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While most forecasts are not projecting oil prices to eclipse $80 per barrel again anytime soon, if 
this situation were to develop the impact on retail fuel prices, and consequently interest in 
alternative vehicles, could be significant. Every time Brent oil has been priced above $80 since 
2011, the national average retail price of gasoline has been above $3.00 . 9 A sustained market 
position of these levels could encourage consumers to consider an alternative fuel vehicle that 
would deliver more miles per dollar. 


Global Regulatory Developments 

The automobile industry is global, with most automakers seeking to strengthen their economies 
of scale by introducing flexible vehicle architecture to satisfy multiple markets throughout the 
world. This means that activities in other countries could have residual impact on the United 
States. For example, recent announcements by several governments—including China, India, 


9 Brent oil price data sourced from U.S. EIA; retail fuel prices sourced from OPIS Retail Fuel Report 
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United Kingdom, France, Germany, Norway and even domestically in California-to ban internal 
combustion engines and mandate a transition to electric vehicles could have a profound impact 
on the manufacturing decisions of global automakers. Although most of these announcements 
exclude hybrid vehicles from proposed bans, the implications of such policies could be 
significant. For example, in 2016, Chinese consumers purchased 31.3% of the world’s LDVs, 
which puts China in a position to exert significant influence on the automotive industry. Further, 
OPEC projects China and India combined will represent nearly 40% of global gross domestic 
product (GDP) by 2060. This is an economic power block that cannot be ignored when 
considering the future of the automotive industry. 

To consider whether these nations will remain committed to their stated policy objectives, let’s 
look at China. The Chinese government is stable and likely to remain in power for several 
decades, suggesting we might expect consistent policy throughout this timeframe. Further, China 
has a parochial interest in promoting electric vehicles since it currently produces a substantial 
share of the world’s BEV batteries, and controls significant shares of the world’s cobalt and 
lithium reserves. Should China proceed with a ban on internal combustion engines and a 
mandated transition to electric vehicles, battery costs for BEVs could decline rapidly due to 
increased production volume, and that automakers considering Chinese market opportunities will 
increase BEV production. This combination of lower costs and increased production could 
inspire larger deliveries of BEVs to the United States. The greater availability of potentially 
more affordable BEVs could increase the rate of consumer adoption of these alternative 
powertrains. 
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In addition to these announcements, 159 nations have signed on to the Paris climate accords and 
are working to reduce overall emissions to meet their agreed-upon targets. To date, 60 nations 
are implementing some sort of biofuels program, 40 have a greenhouse gas reduction or fuel 
efficiency program, 20 contain jurisdictions that have enacted some sort of ban or limitation on 
internal combustion engines, 13 have established zero-emission vehicle zones, and nearly all 
have enacted fuel sulfur controls. 10 As nations continue to press forward with global 
commitments and local government focus their efforts to address air quality, policymakers will 
look at other markets for guidance and experience. This could result in additional initiatives 
considered within the U.S. that could disrupt the market trajectory. 

Fleet Purchases 

Fleet operators represent the potential to inject momentum for change through volume and by 
example. The Rocky Mountain Institute believes that fleet operators could reduce annual 
operating expenses by approximately $1,000 per vehicle.' 1 For a fleet manager, who might be in 
the market to purchase 100 vehicles in a year, this could deliver $100,000 benefit to his bottom 
line—a powerful incentive to consider an electric vehicle. Given that modern BEVs can deliver 
more than 200 miles per charge, recharge in less than an hour and sell for a comparable price as 
an equivalent internal combustion engine, there is strong potential for fleets to purchase BEVs in 
larger quantities, contributing to an accelerated market penetration. 

Because of a stronger presence of BEVs in the market, fleet adoption could signal to individual 
consumers that BEVs are viable. Human behavioral sciences suggest that consumers are drawn 

!0 www.fuelsinstitute.org/forms/reportdownload. aspx?ridK}lobal-Initiatives 
11 https://www.rmi.org/insights/reports/peak-car-ownersliip-report' 
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to items they are familiar with and used by their peers. If consumers witness fleet operators, who 
drive more miles per year than most consumers, opting for a BEV, they may be more inclined to 
consider a BEV. Hence, more rapid fleet adoption of BEVs could have a domino effect that 
would accelerate market conversion and support consumer adoption. 

Urbanization, Generational Shifts and Mobility as a Service 

Where people live, who lives there and how they get around can have a profound influence on 
the composition of the transportation market. 

First, younger consumers in the United States behave substantially different than their 
predecessors. For example, younger consumers are much more inclined to consider an alternative 
vehicle. In fact, a 2017 Fuels Institute survey found that 66% of consumers age 18-34 would be 
willing to consider a BEV as their next vehicle, compared with just 47% of consumers age 35- 
49. 12 But perhaps more interesting is that since 1982, the percent of consumers age 20-29 who 
have a driver's license declined by 10% to just 81.5% of the cohort. 13 These trends are indicating 
a significant shift in consumer behavior relative to car ownership and driving. 

Compounding this shift in behavior for the younger generation is the overall urbanization of 
society. The percent of Americans living in metropolitan areas has increased from 56% in 1950 
to 84% in 2010. Since 1970, the percent of those age 20-34 who are living in these markets has 
increased from 33% to 40%, and the trend is continuing. 14 Americans are living in more 


http://www.fuelsinstitute.org/forms/reportdownIoad.aspx?rid=Consumers-and-Alternative-Fueis-2017 

www.fuelsinstitute.org/forms/reportdownload.aspx?rid=Driver-Demographics 

www.fuelsinstitute.org/ResearchArticles/Urbanization%20Brief.pdf 
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concentrated, urban environments, which introduces unique mobility issues such as cost of 
insurance, parking, congestion and overall convenience. 

Capitalizing on this trend have been ride hailing services. With mobility through an urban 
environment becoming more challenging, and with younger consumers less inclined to drive, 
mobility has gained significant traction. Most analysts agree that the typical American drives his 
or her vehicle approximately 5% of the time. The remaining time for that vehicle is spent 
absorbing resources for insurance, parking and depreciation. Using an on-demand mobility 
service can be attractive to many as an alternative to such burdens of vehicle ownership. 

Deloitte research suggests that 23% of Americans report using a ride hailing service at least once 
per week, and this number jumps to 44% for Generations Y and Z. Of those in Generations Y 
and Z who use a ride hailing service, 64% question their need to own a car in the future. 15 
Members of these generations know a market that included electric vehicles and do not have 
historic concerns about the technology. They are also looking for an alternative to driving and 
are accepting of new technologies and services. 

Rocky Mountain Institute suggests that autonomous, electric vehicles could reduce costs of on- 
demand mobility services to such an extent that such services could become less expensive than 
owning one’s own car. 16 RethinkX published a paper predicting that mobility services would be 
10 times less expensive than owning a car. 17 And Deloitte predicts that by 2040, total LDV sales 


15 Ryan Robinson, Deloitte, presentation at Fuels Institute Annual Meeting, May 2017, Denver, CO 
!6 https://www.rmi.org/insights/reports/peak-car-ownership-report/ 

17 https://www.rethinkx.com/transportation 
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could drop to about 11 million per year, of which only about 4 million will be personally owned 
and driven vehicles, with the remaining a mix of on-demand services and personally owned 
autonomous vehicles. 18 

In November 2017, Bob Lutz, former Vice Chairman of General Motors, wrote an op-ed in 
which he predicted that electric, autonomous on demand mobility services would soon dominate 
the transportation sector. In fact, he predicts that the compelling value (in terms of economics 
and safety) would result in legislation removing the right of Americans to drive their own 
vehicles within 20 years. 19 

I personally do not subscribe to forecasts in which on-demand mobility will supplant personally 
owned vehicles within 20 years, or even within 50 years, but the prospects for this type of 
mobility solution gaining roots in certain markets and then growing in the near term cannot be 
ruled out. Local governments and planning commissions are seeking ways to address traffic 
congestion, to reduce the need for more parking spaces and to enhance the overall value of 
mobility. It is possible that these concepts could find their way into near- and long-term city 
plans, and it is nearly a foregone conclusion that electric and autonomous vehicle technology 
will be available when such plans are enacted. There is an opportune intersection occurring 
within the next 10 years where these vehicles will be capable and affordable, consumers will be 
ready and willing and the needs of these local governments will be acute enough to warrant new 
mobility paradigms gaining traction. 


18 Ryan Robinson, Deloitte, presentation at FUELS2017, Fuels Institute Annual Meeting, May 2017, Denver, CO 

19 www.autonevvs.com/article/20171105/INDUSTRY_REDESIGNED/171109944/industry-redesigned-bob-lutz 
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While the overall impact on the market cannot be projected because the number, scope and 
market reach of these programs is unknown, the, Rocky Mountain Institute suggests that there 
are 26 potential early market adopters of such services with a potential market capitalization 
value of $120 billion. 20 Hence, there are dozens of companies investing in the development of 
capabilities and business opportunities for delivering a shared, autonomous and electric mobility 
solution, which only enhances the potential. 

Advancements in Internal Combustion Engines 

Most external factors that could affect the market that have been addressed thus far would serve 
to accelerate the pace of market transition away from traditional modes of transport. But despite 
the public announcements of automobile manufacturing companies of their intent to transition to 
electrified fleets, engineers have remained diligently at work to improve the internal combustion 
engine. This is not a contradictory situation, however. Electrification does not necessarily mean 
BEV and PHEV, as most auto company announcements include hybrids, which operate primarily 
on an internal combustion engine. And, if my projections for the rate of market conversion are 
close to reality, the need for enhanced efficiency in a 100+ year-old technology is critical 
because it will continue to dominate the fleet for decades to come. 

In this space, automotive engineers are doing remarkable things to improve vehicle efficiency. 
They are using high strength steel to reduce weight, increasing the number of gears in 
transmissions, testing aerodynamics in advanced wind tunnels, and they are changing the engine. 
Many are using techniques that change intake valve timing to reduce the fuel-air mixture is 


20 https://www.rmi.org/insights/reports/peak-car-ownership-report/ 
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ignited in the cylinder. Because this improves efficiency but reduces power and performance, 
automakers are pairing this approach with hybrid systems or turbo boosts, which ensures the 
driver receives the power necessary but reduces fuel consumption when possible. 

In addition, two companies (Nissan and Mazda) have taken internal combustion engine design to 
a new level. Nissan has introduced an engine (VC-Turbo) that will adjust the compression ratio 
(CR) of the piston stroke to accommodate performance needs. When more power and torque are 
necessary, the CR can drop to as low as 8:1. This is not the most efficient mode, but it delivers 
power when needed. When more efficient operation is desired, the CR can increase to 14:1. 
Pairing this technology with a turbo boost ensures adequate performance throughout the drive 
cycle and reports indicate potential efficiency improvements of more than 20%. 

Meanwhile Mazda will introduce an engine (SkyactiveX) next year that features a compression 
ignition gasoline system. Mimicking a diesel engine, this system compresses the fuel-air mixture 
almost to the point of auto-ignition and then uses a spark assist to ensure optimal timing of 
combustion. The spark assist protects against knock, but the compression system improves 
overall thermal efficiency. I have read reports suggesting efficiency gains of 20% to 40% with 
this engine. 

Other automotive engineers are focusing on the optimization of an engine design to maximize 
efficiency with a high-octane fuel. Auto engineers, biofuel producers, petroleum producers, the 
Department of Energy’s Co-Optimization of Fuels and Engines (a joint effort of 11 national 
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laboratories; I serve as External Advisory Board member) 21 and others have spent years 
evaluating the relationship between octane and engine design to determine that significant 
improvements in overall efficiency, performance and emissions can be obtained if internal 
combustion engines are designed to operate specifically on a higher octane fuel and do not need 
to accommodate alternative, lower-octane products. The Fuels Institute will be releasing a study 
in late spring evaluating the production capabilities of fuel producers to produce sufficient 
volumes of specific high-octane fuels and the market’s ability to deliver such fuels to consumers. 
Preliminary results indicate there might be a trade-off between the most cost-efficient production 
options and the most cost-efficient distribution and retailing options. Much of the discussion to 
date has centered around the potential role for ethanol in such a market. 

Each advancement in the efficiency of the internal combustion engine extends its life in the 
market and that of liquid fuels. Automakers are focused on achieving the emissions reductions 
and vehicle efficiency targets set forth by government and will use the technologies available to 
comply in the most cost-efficient manner possible. This may include electrification at some 
point, but it must include engine advancement as well. 

Conclusion 

The vehicle and fuels market is dynamic, with many stakeholders engaged in multiple initiatives 
designed to deliver compelling value to the consumer. Media outlets continue to rally around 
corporate and government announcements, new research papers and thought-leader statements 
that pronounce disruption to the traditional model of transportation and energy. Yet, when we 


https://www,energy,gov/eere/bioenergy/co-optimization-fuels-engines 
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look beyond the headlines and the hype, the market that is supposedly subject to disruptive and 
radical change won’t get there in the next few decades without considerable external prodding. 

The fundamentals of the market demonstrate that meaningful change will take time. Changing 
today’s transportation system will not be like introducing a car engine to replace the horse and 
buggy, or the introduction of the smartphone to ultimately replace a wallet and personal 
computer. The major difference is this: Each example of a major, successful disruptive event 
delivered compelling, immediate and tangible value to consumers that improved their quality of 
life in some real way. What transportation paradigm shift could do that? 

Currently, 1 do not see overwhelming evidence that the consumer is inclined to drive a 
significant pace of change, so it falls to external forces to influence the pace of change. In the 
absence of aggressive policies or market forces inspiring an acceleration in market transition, it 
is most likely that the internal combustion engine will remain the dominant powertrain in the 
U.S. vehicle fleet for the next several decades. And although BEVs will continue to gain market 
share, perhaps at a very fast pace, and alternative mobility solutions are likely to emerge in 
certain regions and markets, the fundamental structure of the market will evolve slowly. 
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Mr. Shimkus. I thank all of you for the testimony. We will now 
move to the question and answer portion of the hearing and I will 
begin by recognizing myself for the first 5 minutes. I am going to 
go on my own, my own route here for a minute. 

Dr. Farrell, they are always afraid when I start doing this. Two 
things, one is obviously I am very interested in the Co-Optima 
study and the potential for high-octane fuel which has been elabo¬ 
rated by many of you here today. In your opening statement you 
mentioned the terminology, non-food biomass. So being from a corn 
state, would you, is that just stover and stalk or would part of that 
definition be hybrid corn or GMO corn that is planted specifically 
for the fuel market? 

Mr. Farrell. So the research that we have been doing on bio- 
mass-based routes to producing new fuels acknowledges that the 
current technology for producing ethanol from corn is well estab¬ 
lished and there are no real R&D challenges associated with that. 
When we start looking at cellulose to make ethanol as well I think 
we acknowledge that that technology is already commercial, albeit 
at low scale, but it also doesn’t have the same resource to chal¬ 
lenges. 

Within Co-Optima we have been looking at the opportunities to 
look at a wide range of woody biomass, of energy crops, of stover, 
of waste residues to provide the feedstocks that will be able to pro¬ 
vide high efficiency blend stocks including ethanol and other alco¬ 
hols as well. So the research is really in focus where the greatest 
uncertainty lies. 

Mr. Shimkus. Great, I appreciate that. Then I want to go to Mr. 
Eichberger and I appreciated the charts. That is why I wanted to 
get them up there. I think that is very helpful in just trying to fig¬ 
ure out and there is public policy that probably bend that a little 
bit. 

Mr. Eichberger. Of course. 

Mr. Shimkus. But let’s just take a short term window of 10 
years, what a traditional—and we have had this discussion before, 
they used to be we called them gasoline stations. In 10 years we 
may call them what and what would they look like? 

Mr. Eichberger. In 10 years they are going to look a lot like 
they look today and we call them convenience stores, going back to 
my previous job. We are going to see some diversification. We may 
see additional fuel blends. We are seeing some E15 on the market. 
That may increase. We may see some more electric vehicle charg¬ 
ing stations on the market. Over the next 10 years we are not 
going to see a dramatic change in consumer behavior or the cars 
they are driving, so the market for fueling stations will evolve with 
the vehicle and the consumer. But we will see some diversification 
and new strategies coming forward to satisfy consumer demand. 

Mr. Shimkus. And then to everyone, 10 years, different question, 
going into an auto dealership, what do you think we will see as we 
walk around either the showroom or get out into the lot? 

Mr. Maples? Just a guess, This is kind of a 35,000-foot view of 
where we think we are going to be in 10 years. 

Mr. Maples. Well, in 10 years, I would agree with the rest of the 
panelists that this is going to be primarily a combustion engine en¬ 
vironment. So the vehicles that you are going to see are going to 
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be a lot more efficient, probably some level of hybridization wheth¬ 
er that is a microhybrid which doesn’t deliver motive power, or 
some other full hybrid, plug-in hybrids, and then of course EVs, 
and then I think that will be driven primarily by the mandates. 

Mr. Shimkus. Dr. Farrell? 

Mr. Farrell. I agree with Mr. Maples. I would note that many 
OEMs are announcing intentions of producing far more models 
based on those provided powertrains. So we will see more elec¬ 
trified options, but I think the showrooms will look predominately 
the same. 

Mr. Shimkus. Dr. Linn? 

Mr. Linn. Yes, thanks. So suppose we are on the same path of 
fuel economy and emission standards and California is pursuing 
the Zero Emission Vehicle program, and other states, in that case 
I certainly would agree we will see a lot more options and probably 
more effort to broaden the market for those vehicles. 

Mr. Martin. Yes. I would certainly expect more EVs. I think that 
is the most visible change. And there is some uncertainty about 
how much travel people will do in vehicles they own versus rides 
that they hire, in which case they wouldn’t need to go to a dealer. 

Mr. Eichberger. Mostly internal combustion engines, we will 
see a lot more battery electric vehicles. We have to keep in mind 
a lot of the automotive industry’s announcement of electrification 
is going to be dominated by hybrids, so a lot more hybrids. 

Mr. Shimkus. Great. And my time is expiring, but the other 
thing that drew my attention was Dr. Linn when you talked about, 
and this is my district, we will pay for more horsepower. We won’t 
pay for more mileage. I am summarizing that research, but I think 
that correctly points to at least 33 counties in southern Illinois. 

With that I will yield back my time and turn to the ranking 
member of the subcommittee, Mr. Tonko, for 5 minutes. 

Mr. Tonko. Thank you, Mr. Chair. Thank you again to our wit¬ 
nesses. This morning we have covered a lot of ground. There are 
many federal and state policies, technology developments and glob¬ 
al trends and other nations’ mandates that will shape the future 
of fuels and vehicles. 

So, Dr. Martin, in Mr. Eichberger’s testimony he points out that 
because of the long time that a vehicle remains on the road, adop¬ 
tion of new engine technologies or fuels and increases in fleet fuel 
economy take decades to fully penetrate the transportation sector. 

As was mentioned earlier, according to EPA’s most recent green¬ 
house gas emission inventory, the transportation sector has now 
overtaken the electricity sector as the largest emitter of greenhouse 
gases in the U.S. and in recent years, the trend is upward for emis¬ 
sions in this sector. I am concerned about the implications of this 
for all air emissions including greenhouse gas emissions. 

To make significant emissions reductions in this sector don’t we 
need both cleaner fuels and more electric vehicles? 

Mr. Martin. Yes. We absolutely need to make progress on both 
fuels and vehicles and to do so quickly. The long term that the ve¬ 
hicles stay on the road means it is even more important to do this 
up front. 

Mr. Tonko. So what do you see as our best options in the cleaner 
fuels category? 
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Mr. Martin. In cleaner fuels there is a range of low carbon fuels 
out there. Of course, I think it is important to recognize electricity 
as a transportation fuel as a piece of that story as well as the 
biofuels we have been deploying which, you know, are getting sig¬ 
nificantly cleaner over time. And there is a lot more potential for 
biofuels. There is ample feedstocks to scale that up and to do it in 
ways that are cleaner and cleaner over time. 

Mr. Tonko. And how much cleaner is today’s average electricity 
generation than gasoline? 

Mr. Martin. My colleague is just updating the analysis that we 
do of the mile per gallon equivalent of cars, of electric vehicle in 
terms of total pollution, and I think in terms of a weighted average 
across the country we are up to about 90 miles a gallon equivalent 
for EVs when you weight that based on where the vehicles are ac¬ 
tually being charged. 

Mr. Tonko. And electric vehicle sales have been increasing, but 
they still make up a very small portion of the vehicles on our road¬ 
ways. Should we be investing more in the infrastructure to support 
electric vehicles, public charging areas, for example, to further re¬ 
duce range anxiety and other barriers to electric vehicles? 

Mr. Martin. It is certainly important to invest in infrastructure 
for electric vehicles. I think one of the things in our experience is 
that range anxiety is a larger factor before people buy an EV than 
after they buy one, especially with the range increasing. So, most 
people are finding that charging at home and charging at work is 
adequate to meet the vast majority of their needs. 

Mr. Tonko. And I noticed in the executive summary of your 2016 
report that you referred, “years of stagnation in the improvement 
of the efficiency of passenger cars. Would you agree that strong fed¬ 
eral regulation, CAFE standards in particular, are needed to im¬ 
prove the efficiency performances in vehicles? 

Mr. Martin. Yes, absolutely. I think the record is very clear and 
I think others alluded to that as well. Without strong standards 
the consumers won’t see the benefits of improved efficiency and will 
remain vulnerable the next time oil prices go up. 

Mr. Tonko. Well, the Trump admijiistration may be moving to¬ 
ward weakening the combined CAFE and greenhouse gas stand¬ 
ards that were proposed by the Obama administration in spite of 
a midterm review document that found there are technologies 
available now and some that will be ready soon that will allow 
them to meet the standards. I am very concerned that this will re¬ 
turn us to the years of stagnation that we experienced before. Is 
that a fair assessment? 

Mr. Martin. Yes, absolutely. That is a very real risk. And I think 
what we saw before was that American automakers become less 
competitive when they allow their fleets to stagnate and don’t in¬ 
vest in improving efficiency and reducing oil use. 

Mr. Tonko. So what are some of the most effective ways to accel¬ 
erate the transition to cleaner fuels and vehicles? 

Mr. Martin. Well, I think the standards that we have in place 
making sure those are strong and remain strong through 2025, the 
technical assessment report makes a very strong case for leaving 
them as they are and setting stronger standards that go further be¬ 
yond 2025, and looking for ways to support electrification, ad- 
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vanced biofuels, and integrating these things thoughtfully together 
as we move forward. 

Mr. Tonko. Well, in the debates about the lifecycle effects of dif¬ 
ferent fuels and vehicles it is often pointed out that although elec¬ 
tric vehicles do not emit anything directly, they may be drawing 
power from electricity sources that produce emissions. There is cer¬ 
tainly a lively debate about the direct and indirect emissions asso¬ 
ciated with different biofuels, but we tend to assume all gasoline 
is equal in terms of its associated emissions. 

Dr. Martin, is all oil the same in terms of its emissions? 

Mr. Martin. Yes, it is a great point. There is a huge variability 
in different sources of oil, different extraction methods, and dif¬ 
ferent refining processes in terms of the extent of emissions in the 
production of oil and gas. And since we use and will continue to 
use such a large amount of gasoline and diesel, these emissions 
from the oil and gas sector are quite large and there is a lot of op¬ 
portunity to reduce those or opportunity for them to go up if they 
are not attended to carefully. 

Mr. Tonko. All right. With that, Mr. Chair, I yield back. 

Mr. Shimkus. You got full use of that 5 minutes. That was very 
efficient. 

Mr. Tonko. I think we call it Tonko time. Thank you, Mr. Chair. 

Mr. Shimkus. The Chair now recognizes the gentleman from 
Texas, Mr. Flores, for 5 minutes. 

Mr. Flores. Thank you, Mr. Chairman. I would love to have 10 
minutes because this has been a fascinating discussion. I would 
like to thank the panel for being here. 

Mr. Eichberger, let me start with you, two quick questions. One 
is, today most gas stations carry some combination of regular, a 
mid-grade, and then a premium grade. What do you think the op¬ 
portunity is in terms of giving consumers choices in the future 
where they could dial in from E0 to E85? Is there anything techno¬ 
logically that would prevent that? 

Mr. Eichberger. I have not seen any units entering in the mar¬ 
ket to do that. There is nothing technologically to prevent them 
from it. I think there are some logical reasons why we wouldn’t 
want them to do that in terms of controlling the emissions profile 
of the fuels. Having consumers make their own gasoline at the dis¬ 
penser I don’t think is a great idea. 

Mr. Flores. Oh, you would have to put limits on it, of course, 
so that you wouldn’t hurt the emissions restriction or the emissions 
profile that you are trying to achieve. 

The next question I have for you is what are the challenges of 
facing the use of ethanol above E10 and can these challenges be 
overcome? 

Mr. Eichberger. So there are compatibility issues. Every piece 
of equipment that a retailer uses to dispense fuel has to be listed 
as compatible with that fuel and up until about 10 years ago there 
were no dispensers listed for above E10. Some underground equip¬ 
ment is not listed. The transition is getting easier, but the chal¬ 
lenge becomes that a lot of retailers aren’t the original investors in 
the underground storage tank systems so they may not even know 
what equipment they have underground. If they can’t certify what 
is underground they can’t move forward with that higher fuel. 



83 


Dispensers are fairly easy to upgrade. You can get E25 dis¬ 
pensers for about the same price as an E10 dispenser. But you 
have to be absolutely certain that what you have underground is 
compatible as well. 

Mr. Flores. OK, thank you. 

Dr. Farrell, in the past, policymakers have sort of talked about 
fuels policy and vehicles policy separately, so we have heard a lot 
of chatter about EVs. We have talked about the Renewable Fuel 
Standard even though this hearing is not about that. We have 
talked about vehicle mileage standards and so forth. 

Tell me about what your thoughts are in terms of integrating all 
policies, fuel policy and vehicle policies, into one coherent com¬ 
prehensive policy. 

Mr. Farrell. I think the opportunity that we are exploring with¬ 
in the Co-Optima program is really to understand from the tech¬ 
nology standpoint what the options are. So that is one of the key 
benefits that we have been able to apply is understanding where 
those tradeoffs are in the way we are unconstrained by what is cur¬ 
rently available in the marketplace. Our hope is that that will be 
the basis for an informed policy discussion which we are not par¬ 
ticipating in but we fully hope to inform. 

Mr. Flores. And I just, you didn’t say this, but I am getting the 
inference or the implication that you think these policies should be 
combined from a policymaker’s perspective. 

Mr. Farrell. I think from the consumer standpoint, if the goal 
is to get higher performing fuels and vehicles in the marketplace 
then looking at these as an integrated system is the most effective 
way. 

Mr. Flores. OK. Thank you very much. The next question for 
you is you are researching alternatives to the internal combustion 
engines. You are also looking at ways to improve the efficiency of 
the internal combustion engine. How much better, let’s say, if you 
look 10 years in the future what would the internal combustion en¬ 
gine look like and what would the efficiency improvement be versus 
a 2018 engine? 

Mr. Farrell. Sure. If we look at the Department of Energy’s 
goals for the internal combustion engine operating on today’s fuels, 
by 2030- 

Mr. Flores. You could assume they don’t have to operate on to¬ 
day’s fuels. Again we are integrating all policy, but go ahead. 

Mr. Farrell. Yes. We will build upon. 

Mr. Flores. OK. I am with you. 

Mr. Farrell. So based on current fuels we are looking at 25 per¬ 
cent fuel economy benefit by 2030. By- 

Mr. Flores. What percent again? 

Mr. Farrell. Twenty five percent. 

Mr. Flores. OK. 

Mr. Farrell. By co-optimizing it and allowing additional bene¬ 
fits to be realized we can get an additional 10 percent or 35 percent 
versus today. So that is a significant benefit that is available. 

Mr. Flores. OK, great. And do you have a feel for what the cost 
differential would be in terms of cost per vehicle to get there? 

Mr. Farrell. Since we are looking at something 10 years down 
the road, the cost implications are difficult and the OEMs basically 
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have the opportunity to trade off costs with some other areas, so 
we don’t have good cost estimate at this point. 

Mr. Flores. OK, thank you. I look forward to following the re¬ 
search as you move forward. 

In terms of one of the biggest challenges to the adoption of elec¬ 
tric vehicles is their high upfront cost, also the limitations of cur¬ 
rent battery technology. Tell me a little about, if you have done any 
research on this, in terms of moving beyond lithium, what that im¬ 
plies for cost. Lithium has a huge environmental impact that is 
negative, so tell us about where you think the EVs could go moving 
beyond lithium. 

Mr. Farrell. Sure. For the near term, I think everybody thinks 
that lithium-based batteries will be the main source of battery 
power for vehicles. The cost targets that the DOE has set for the 
2022, 2023 timeframe can be achieved with improvements to cur¬ 
rent lithium technologies, but to get cost parity with ICEs requires 
varied costs that are about a factor 3 lower than they are today. 
That will require new battery chemistries. Some of those may still 
rely on lithium, but some of the more expensive materials such as 
cobalt, which has some strategic element constraints to it, will have 
to be removed in order to get those cost constraints down. 

Mr. Flores. OK. I would love to have more time, but I have run 
out of time. Thank you for your answers. 

Mr. Duncan [presiding]. I thank the gentleman and the Chair 
will now go to Mr. Pallone for 5 minutes. 

And I guess Mr. Peters would be next. 

Mr. Peters. I will assume my best New Jersey accent to fill in 
for Mr. Pallone. Thank you, Mr. Chairman, and thank the wit¬ 
nesses for being here. 

I had a question for Mr. Linn. So there is a company called 
Achates Power in my district that received one of the largest 
ARPA-E grants to do an efficient opposed-piston engine. They are 
doing a lot of that for defense. It has implications for a larger use. 
It boosts fuel economy, decreases emissions and also, for the benefit 
of Mr. Shimkus, his residents, it increases horsepower. 

I wonder what the ability or what you would expect in terms of 
innovations like that absent government intervention through front 
end research grants or through some other regulatory approach 
that would make sure that we do these incentives here in the 
United States? 

Mr. Linn. All right. So there are already incentives just from 
consumers and what they want, right, to improve vehicles. We see 
that over decades, vehicles today are a lot different and a lot better 
than they were 30 years ago in all sorts of dimensions. 

The way that the sort of policies can affect things are really in 
two ways, right. One is providing greater incentive to target those 
innovations toward improving fuel economy, reducing fuel con¬ 
sumption and emissions. The other is on the more basic research 
side to address the fact that there may be various reasons why the 
private actors aren’t conducting as much research and innovation 
as they should be. 

And so there are reasons to do both of those and that would en¬ 
courage more innovation and then also direct it toward meeting 
these public social objectives. 
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Mr. Peters. I am wondering too like what would be the incentive 
of if you expected higher prices from something like a carbon tax 
obviously I think people would be more incentivized to invest in 
these kinds of things. Do you agree with that? 

Mr. Linn. Yes, certainly. We see, when gas prices change we see 
the way consumers make decisions about what vehicles to buy cer¬ 
tainly changes. And so, by implication, carbon price would provide 
similar types of signals. 

Mr. Peters. Maybe ask Mr. Maples what sort of assumptions 
you made about the price of fuel as you have calculated the deploy¬ 
ment of electric vehicles what assumptions you made about future 
costs of fuel? 

You have to turn your microphone on. Want to turn your micro¬ 
phone on again, please? 

Mr. Maples. Oh, sorry. In our Reference case, I think we have 
fuel prices going up to $3.47 a gallon by 2050. Again, EVs do get 
a benefit on the fuel side. The problem with the CAFE standards, 
or not the problem, but the issue with the CAFE standards and 
how that affects EV sales, you have an incumbent technology that 
is improving by, say, 30 percent in which, in effect, means a reduc¬ 
tion in fuel cost of 30 percent. So that payback differential when 
comparing a gasoline vehicle to an EV, for example, is getting 
smaller. 

Mr. Peters. Right. 

Mr. Maples. So it is making it more difficult for the EV to com¬ 
pete against the gasoline vehicle over that projection. So while 
there are fuel savings that are available for EVs, it is really the 
incremental cost of the vehicles that matter. 

Mr. Peters. California’s Air Resources Board has simply set a 
level of cars that have to be on the road, electric cars that have to 
be on the road in the State by a certain time. That is essentially 
letting the car manufacturers decide how they are going to get to 
that point, but it has obviously created a lot of deals on hybrids 
and EVs that have attracted customers. 

You didn’t make any assumptions in your analysis about the gov¬ 
ernment doing anything like that nationwide, correct? 

Mr. Maples. That is correct. So we only have the eight States 
that have currently or, excuse me, the nine States plus California 
have currently adopted. We do allow credit trading among those 
States, so there is an optimization, if you will, to achieve that 
standard. 

Mr. Peters. Right. And that would be much more efficient for 
California too if we were able to expand that beyond, and I cer¬ 
tainly think if we could get the rest of the country on board we 
would be willing to talk about that. 

The other thing is, I wonder if you have made any assumptions 
about what foreign automakers are going to do in this space. We 
have heard the Chinese announce that they want to do, I think it 
was 20 percent of all car sales to be, or 20 percent of all cars to 
be electric. Did you consider that and would that kind of action by 
other countries and our competitors affect your analysis in terms 
of the rate of deployment? 

Mr. Maples. So we don’t specifically address that in the AEO, 
but we do have a feedback, a function in the model that as you 
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build more of these vehicles there are economies of scale that occur. 
So we get pretty significant reductions in battery costs and im¬ 
provements in our performance of batteries for those vehicles over 
the projection, so they are getting far more cost effective than they 
are today. 

Mr. Peters. Right. And I would just finally conclude by saying 
to Mr. Shimkus whose move is that if you drive a Tesla it is Amer¬ 
ican made, it goes pretty fast. I think you would enjoy it. Thank 
you. I yield back. 

Mr. Duncan. I thank the gentleman and apologize for the name 
mixup. I will now go to the gentleman from Michigan, Mr. Walberg. 

Mr. Walberg. Thank you, Mr. Chair, and thanks to the panel for 
being with us. Coming from Michigan we are pretty proud and 
committed to internal combustion engines. We appreciate some of 
the research that is going on. The University of Michigan is doing 
some great research on various things including autonomous. 
There are other options that probably assist in reducing the use of 
fuels including ride sharing and things like that, but at this 
present time the internal combustion engine is in a pretty good 
place and having a NASCAR track in my district I kind of like it 
as well. 

Mr. Maples, you mentioned in your testimony that there are sev¬ 
eral technologies available to improve the fuel economy of internal 
combustion vehicles. For instance, you mentioned microhybrid or 
stop-start technology which feels really weird at times if you are 
not used to that. That is for sure. You project that will be included 
in about 20 percent of the gasoline vehicles by 2025. By some esti¬ 
mates, this technology can improve fuel economy by 5 percent. 

Why is it that it is only being offered to a small percentage of 
vehicles according to your understanding? 

Mr. Maples. So within our evaluation and projection of tech¬ 
nology penetration we have a menu of probably 83 technologies 
that are available to improve the efficiency of gasoline vehicles over 
the projection and so the extent to which any of these technologies 
are successful or how competitive they are against other options 
that are available to manufacturers to improve efficiency. 

So engine downsizing, turbocharging, some of what has been dis¬ 
cussed here, improved valve train designs and how those designs 
operate within that engine can make a big difference and then 
there is transmissions and then lightweighting. And so we have a 
considerable amount of lightweighting that also occurs in the vehi¬ 
cle that again has an impact on the amount of efficiency improve¬ 
ment that is being gained across this menu of technology. 

Mr. Walberg. So because of those multiple options, options like 
the stop-start technology, that is the reason why it is not included 
in a larger percentage because we have better approaches for var¬ 
ious vehicles than that? 

Mr. Maples. That is correct. So it is getting employed in those 
vehicles that where it is most cost-effective to do the microhybrid, 
the integrated start-stop. 

Mr. Walberg. What are some—OK, go ahead. 

Mr. Maples. So for others like the pickup trucks we see a lot 
more lightweighting in the aluminum, other high strength steel, 
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transmissions being employed and turbocharging downsizing, you 
see more penetration there. 

Mr. Walberg. And the cost factors there are justified? 
Turbocharging, I assume, is a more expensive approach, but you 
are getting performance out of it? 

Mr. Maples. Correct. 

Mr. Walberg. OK. Are Corporate Average Fuel Economy stand¬ 
ards enough to encourage greater fuel efficiency or are additional 
incentives or requirements necessary? 

Mr. Maples. Well, yes. EIA doesn’t comment on policy, so I 
will- 

Mr. Walberg. Any other members of the panel that could com¬ 
ment on that? Yes, sir? 

Mr. Martin. I think on the previous point, the fact that the 
standards could be met without the full penetration of some of 
these cost-effective technologies like stop-start technology reflects 
the ability to hit higher standards. And so, I think thpre are cer¬ 
tainly opportunities to go beyond what is in the CAFE standards 
either by setting more stringent standards or additional policies to 
support rollout of oil saving fuel efficiency technology sooner. 

Mr. Walberg. Thank you. I yield back, Mr. Chairman. 

Mr. Shimkus. The gentleman yields back his time. I think the 
next colleague to turn to is my friend from California, Mr. McNer- 
ney, for 5 minutes. 

Mr. McNerney. Well, I thank the chairman for your generous 
yielding and I thank the ranking member. But also the panelists, 
I have enjoyed your discussion. 

So, history has shown that the petroleum industry is very vola¬ 
tile over about a 10 or 12 years’ time cycle. We have been at a kind 
of a low point for a number of years now. Mr. Maples, you can’t 
foresee what is going to cause these shifts usually. Do you see a 
change in the cycle coming and what effect that would have? 

Mr. Maples. So we do project that oil prices are going to increase 
in our AEO projection, but we also offer scenarios that show dif¬ 
ferent potential outcomes of the Low Oil Price case and the High 
Oil Price case to try to bound at an upper level and a lower level 
what those oil prices could be. 

Mr. McNerney. What is your upper bound? 

Mr. Maples. Could I get back to you to- 

Mr. McNerney. Sure. 

Mr. Maples. Yes. 

Mr. McNerney. Absolutely. 

Mr. Eichberger, your projections seem realistic based on just the 
size of the fleet out there and the inertia that it has, but have you 
looked at what fuel prices will do in terms of accelerating the fleet 
turnover? 

Mr. Eichberger. Yes. Fuel prices would accelerate it. We can 
take a look at that trend of hybrids. In the past, when fuel prices 
were 3.50 interest in hybrids of people in the market to buy a car 
was 82 percent. When prices dropped down below 2, it dropped 
down to 41 percent and sales of hybrids dropped as well. So fuel 
prices is a signal to consumers to start shopping around for some¬ 
thing different. 

Mr. McNerney. Thank you. 
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One of the things that I want to drill down a little bit is stand¬ 
ards. Mr. Linn, you talked a little bit about standards. Do you 
think that higher CAFE standards is beneficial to the American 
economy and the American consumer and the auto industry or any 
of the three or all of the three? 

Mr. Linn. So I would say based on the research I have done that 
so far the standards to the sort of individual consumers and to 
automakers themselves have been more or less a wash. There are 
benefits and costs and they sort of even out. That is just narrowly 
on the benefit and cost to the industry itself and then there are the 
societal benefits for reducing oil consumption, reducing emissions. 
Once you add in those then, benefits would seem to outweigh the 
costs. 

Mr. McNerney. Yes. 

Mr. Martin, you had a little different take on that. Could you 
elaborate? 

Mr. Martin. Well, I think that there is a large benefit from fuel 
economy standards and the consumer savings in fuel dramatically 
outweigh the additional cost of the vehicle over the lifetime of the 
vehicle. In fact, for a vehicle that is financed the costs probably 
outweigh, the fuel savings offset the costs basically on the day you 
drive off the lot. So that is what our analysis reflects, substantial 
benefits to consumers from fuel economy standards even under low 
oil prices and if oil prices go up substantially larger benefits. 

Mr. McNerney. Well, it seems that the auto industry is always 
fighting these standards and in my mind it is essentially harming 
itself by doing so. Would you agree with that? 

Mr. Martin. Yes, absolutely. They may have a preference not to 
invest in new technology and to keep selling the technology they 
have, but this will leave them vulnerable to oil price changes in the 
future. And particularly in a moment when electrification is accel¬ 
erating, getting behind the curve on technology and oil saving tech¬ 
nology, I think, is more critical in a moment of rapid change then 
it might have been in decades past. 

Mr. McNerney. Well, you mentioned that the U.S. is leading in 
the EVs and car technology now. Is that partly due tQ the CAFE 
standards? Then what is going to happen if the CAFE standards 
go away? 

Mr, Martin. I think in fuel efficiency technology for the fleet the 
CAFE standards are certainly very important. EVs have other driv¬ 
ers in addition to fuel economy standards, but I think the range of 
support for electric vehicles, whether it is support for research, 
support for tax incentives, or standards, without those, one would 
expect less investment and less progress from the U.S. industry 
which could put it in a less competitive position over time. 

Mr. McNerney. All right, thank you. 

I am not going to try to be more efficient with my time. Mr. 
Chairman, I yield back. 

Mr. Shimkus. The gentleman yields back his time. The chair now 
recognizes the gentleman from South Carolina, Mr. Duncan, for 5 
minutes. 

Mr. Duncan. Thank you, Mr. Chairman. And there is a lot of 
focus on an infrastructure package that the White House is work¬ 
ing on that we will be taking up, and I think a big part of infra- 
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structure should be our electrical grid. That is hardening, but that 
is also getting ready for the EVs of the future. 

So, Mr. Farrell, what are the challenges for the electric grid, 
thinking of a future of considerably more EVs, and does our grid 
have the capacity to handle it at this point and what suggestions 
might you have going forward? 

Mr. Farrell. I think estimates of the projections of EVs into the 
marketplace suggest that the impact on the grid will be manage¬ 
able. The overall change in load is a small percentage of the cur¬ 
rent because of the large base in which we are building. So the 
challenge is not necessarily global, it would be local, especially if 
we adopt fast-charging technologies which are going to be required 
to give very rapid fills of batteries on passenger cars, or even espe¬ 
cially on trucks and buses the local impacts could be substantial. 

So most of the work that we are doing right now, in terms of key 
research in these, are identifying from the infrastructure stand¬ 
point what are the impacts of putting several megawatts of power 
into vehicles on a very rapid on-off cycle how to manage that in 
terms of the grid reliability. 

Mr. Duncan. Right. Generally, looking at infrastructure in this 
country I have to ask how we are going to pay for it. South Caro¬ 
lina just had a massive gas tax increase in our State to pay for in¬ 
frastructure roads and bridges needs. EVs don’t pay any gas tax 
when they refuel and therefore they could arguably not contribute 
to the upkeep of the highways even those they are using those 
roads. 

So, Mr. Maples, are we not already subsidizing EVs because they 
are not subject to the gas tax, and what are your thoughts on this 
and should EVs be charged something for maintenance and infra¬ 
structure? Should they be subject to some sort of gas tax, so to 
speak? 

Mr. Maples. So currently in our analysis that is correct. We are 
using basically a residential electricity price for the cost of fuel for 
electric vehicles. So I am aware that some States have registration 
fees to try to cover the gasoline taxes that aren’t currently being 
paid by electric vehicles so that could be an option, but otherwise 
there would have to be something implemented at either a refuel¬ 
ing site, a public refueling site, or somehow that electricity metered 
differently within the home when they are recharging to capture 
whatever those taxes should be. 

Mr. Duncan. Right. I can make the argument that there are not 
enough EVs on the road right now to have a dramatic impact but, 
as Mr. Peters was saying earlier, the car companies are getting 
prepared for this massive increase in the number of electric vehi¬ 
cles that we will see in this country and I think we need to prepare 
for their impact on the roads and bridges and they ought to pay 
their fair share. 

Now the electrical suppliers, the companies like Duke Energy 
and others, are collecting taxes from the ratepayers, but I don’t see 
how that is translating to the infrastructure needs so I think that 
is something that Congress needs to work on. 

I want to talk more on the rise of electric vehicles and highlight 
the research work that International Transportation Innovation 
Center is doing in tandem with my alma mater, Clemson Univer- 
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sity, in the Greenville, South Carolina area. They are building a 
global market of open and closed automotive test beds for the most 
advanced innovations in connected, automated, and sustainable 
mobility. 

Clemson University and ITIC collaborate on a variety of research 
activity with the Department of Energy, and Clemson also has a 
project under the DOE’s Office of Energy Efficiency and Renewable 
Energy called Boosting Energy Efficiency of Heterogeneous Con¬ 
nected Automotive Vehicle Fleets. That is a big title for something, 
golly. That is government at its best, in my opinion, or worst 
maybe. They utilize their partnership to develop anticipative and 
collaborative traffic and vehicle control algorithms to achieve 10 
percent energy savings. 

Mr. Farrell, what are the challenges that you see with inte¬ 
grating, I guess, not only, I guess I am thinking more autonomous 
vehicles than I am just electric vehicles in general. But as we think 
holistically about EVs and driverless cars and traffic signals, re¬ 
charging stations, this is a tremendous investment on somebody’s 
part, maybe not necessarily the Federal Government and the tax¬ 
payer. 

Are you all thinking, Mr. Farrell, about that and how are you all 
involved in that just real quickly because you have got 10 seconds. 

Mr. Farrell. So our primary role is to understand the energy 
implications of an expanded autonomous and connected fleet, and 
analyses that we have done showed that under some conditions in 
the worst case scenarios you could triple energy consumption or 
you could get a 60 percent reduction. So the key is how to integrate 
it in an effective way to minimize the energy impacts. 

Mr. Duncan. And you are working with research universities 
along those—yes. 

Mr. Farrell. That is right. 

Mr. Duncan. Thank you, Mr. Chairman. I yield back. 

Mr. Shimkus. The gentleman yields back his time. The Chair 
now recognizes the gentleman from Georgia, Mr. Carter, for 5 min¬ 
utes. 

Mr. Carter. Thank you, Mr. Chairman. Thank all of you for 
being here. 

Gentlemen, I have the honor and privilege of representing the 
entire coast of Georgia, from South Carolina all the way down to 
the Florida State line, about 110 miles of coastline. As you can 
imagine, marine travel and boats are important to us. And very im¬ 
portant, as all of you know and as anyone who owns an outboard 
motor knows, fuels can be very damaging to marine vehicles, to 
marine boats and outboard motors. It causes a lot of deterioration, 
a lot of wear and tear and that is something I am concerned about. 

Mr. Maples, I will go to you first and just ask you, is the EIA 
doing anything to look at marine engines and are you factoring 
anything in to the future of transportation as a result of the fuels 
that we are having and being forced to use in marine vessels like 
this? 

Mr. Maples. So we do, so we look at the freight industry marine 
sector and then we also look at recreational boating and we make 
projections of energy consumption in both, and we do track the gas- 
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oline and diesel consumption in recreational boating separately 
from that of the rest of the transportation sector. 

Mr. Carter. What is biobutanol? Tell me about that. Are you fa¬ 
miliar with it? 

Mr. Maples. I am not that familiar with it. 

Mr. Carter. Anyone on the panel familiar with it a little bit? As 
I understand it, it is an alcohol produced from renewable plant- 
based energy sources or advanced feedstocks such as cellulosic bio¬ 
mass like wood residues. And from what I understand, at a 16.1 
percent volume blend it actually has positive impacts on engines 
and it is less corrosive. 

Does anyone know, have we looked at this as a possible fuel? I 
am open to anyone who is willing to- 

Mr. Eichberger. So biobutanol has been discussed for quite a 
while. It is sometimes labeled with the moniker of a drop-in ready 
fuel, so compatibility issues are not a big issue supposedly. It has 
had a little trouble getting some market share and there is some 
limitation in terms of its- 

Mr. Carter. Can you tell me why? Is it- 

Mr. Eichberger. Quite frankly, I think it is a lobbying thing. 

Mr. Carter. A lobbying thing. 

Mr. Eichberger. There are a lot of stakeholders looking for a 
piece of this pie and this is another ingredient trying to get a piece 
of the fuels market and there is a lot of competition for it and I 
think there is some regulatory hurdles maybe to be overcome. I am 
not- 

Mr. Carter. OK. What are the regulatory hurdles? Can we help 
with that? Because if it is actually as it says, if it has positive im¬ 
pacts on engines and is less corrosive this is what we need to be 
looking for. Listen, I get calls all the time in my office about ma¬ 
rine engines and about having to use this fuel corroding these en¬ 
gines. 

Mr. Eichberger. The EPA has looked at it. You can ask EPA 
specifically what is their criteria for considering biobutanol and 
blend levels and its interaction with other constituents in fuels. It 
is going to come from the EPA analysis of how it interacts. 

Mr. Carter. OK. But are there regulatory hurdles that have to 
be overcome, is there anything we can do in Congress to assist 
this? 

Mr. Eichberger. I have been told there are. I do not know spe¬ 
cifically what they are. 

Mr. Carter. OK, fair enough. Fair enough. While I have you, 
while I am talking to you I will skip over to the question I have 
for you. The marine manufacturers again have, they have raised 
some concerns about how the fuel blends are marketed to con¬ 
sumers. For instance, one of them, E15 fuel blends in some sce¬ 
narios are being marketed as unleaded 88. Are you familiar with 
that? 

Mr. Eichberger. I am familiar with that, yes. 

Mr. Carter. What is going on with that? Why are they being la¬ 
beled like- 

Mr. Eichberger. The retailers who are selling E15 blended fuels 
are seeking an opportunity to grow their sales and because E15 has 
an octane rating of 88 they are able to market it as 88. They do 
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affix the EPA-required label for which vehicles E15 is allowed to 
be used in according to EPA. But they are- 

Mr. Carter. Do you think that causes some confusion among 
the- 

Mr. Eichberger. There is a lot of confusion with consumers on 
all fuels. They like to not have to think about what fuels they are 
buying, so when we are thinking about bringing new fuels to the 
market we have to really think about how we educate the con¬ 
sumer. There is no consistency in terms of how the retailers are 
selling their E15 other than affixing that EPA-required label advis¬ 
ing consumers which vehicles they can use them in. 

E15 is not approved for marine vessels and so that is specifically 
labeled on that fuel it is only for 2001 and newer vehicles and not 
these other vehicles. 

Mr. Carter. Let me ask you all. Do you all think we can make 
it any more confusing? Can we all get together and see if we- 

Mr. Eichberger. We can make it more confusing, absolutely. 

Mr. Carter. Gee. Well, we are doing a pretty good job right now, 
I guarantee that. 

Let me skip over and, Mr. Farrell, I will go to you and ask you 
this question. Again I represent South Georgia so, plenty of pine 
trees. What about cellulosic fuels? Are we doing anything with 
that? 

Mr. Farrell. Yes. The Department of Energy is indeed looking 
at advanced cellulosic routes to produce biofuels that could have 
advantageous energy and emissions profiles, so that is an active 
area of interest. 

Mr. Carter. Right. Thank you very much. 

Thank you, Mr. Chairman. I will yield back. 

Mr. Shimkus. The gentleman yields back his time. I am going to 
ask unanimous consent, Mr. Johnson, if you wouldn’t mind, for us 
to go to Mr. Loebsack because he is patiently waiting and Buddy 
Carter went over time before you got in the door. So with that I 
will recognize the gentleman from Iowa who has waited patiently, 
for 5 minutes. 

Mr. Loebsack. Well, thank you very much, Mr. Chairman, and 
thanks for holding this hearing today and for allowing me to waive 
on. I really do appreciate this on the subcommittee today. There is 
a heck of a lot that has been talked about today, very fascinating 
stuff. 

My main concern as you might imagine being from Iowa is the 
RFS so I am going to talk about that for a second. But I do want 
just a couple of quick notes. Mr. Walberg talked about having a 
NASCAR track in his district. I have one in Newton, Iowa, but they 
also host every year the Iowa Corn Indy 300 at that NASCAR 
track, so I had to get that in. We also have a National Advanced 
Driving Simulator at the University of Iowa. They do a lot of great 
work on the issues related to what you folks are talking about. 

And I recently had a ride inside Iowa City with a Tesla that is 
advanced to be autonomous. I had a few worries as we were going 
through town, braking in time and all the rest, but it was actually 
pretty fascinating. So there is a lot to look forward to, I think, in 
the future as far as research on these different vehicles is con¬ 
cerned. 



93 


As Mr. Shimkus might expect, I do want to talk about the RFS 
a little bit today. It is a hotly debated topic, obviously. And I know 
that this is not about the RFS, but as Mr. Shimkus said, per se, 
it is not about that today. But it is going to be important going for¬ 
ward, I think, when it comes to fueling our automobiles and other 
vehicles down the road. There are a number of changes, I think, 
that are being discussed with respect to the RFS right now in Con¬ 
gress and I think a lot of them would be very harmful to rural 
America to farmers. 

And I do appreciate the fact that Dr. Martin mentioned it is not 
just ethanol we are talking about here, it is biodiesel as well and 
it is advanced cellulosic, so it is a variety of things that we are 
talking about. But the RFS really has substantially benefited, I 
think, the U.S. economy over the years. It has created jobs in both 
renewable fuels and industry and overall agricultural industry as 
well, led to a pay raise for American farmers, about $6,800 per 
American farm it has been estimated, and has directly affected 
folks living in rural communities. It has lowered gas prices, I think, 
by giving consumers choice at the pump which we all know leads 
to more money in the pocket of our constituents, so that is very im¬ 
portant. 

My home State of course leads the nation in biofuels production, 
Iowa, and I am very proud of that. It supports probably close to 
50,000 jobs in Iowa alone and accounts for a sizable proportion of 
our economy. Biofuels, I think, are a clean, homegrown, and high- 
octane alternative to fossil fuels which is very important that we 
have an alternative to fossil fuels, I think, for national security as 
much as anything as well. 

The EPA has estimated as biofuel production has increased since 
2007, total cropland acreage has actually dropped not risen, as 
some say. And, additionally, the USDA reports that demand has 
never been higher for conservation programs as well. I think there 
are some myths out there that we have to be very careful when we 
talk about the RFS that we set people straight on this. 

Americans are consuming more and more gasoline. Gasoline con¬ 
sumption set a new record high in 2018 of 9.35 million barrels per 
day with further increases expected in 2019, and yet another re¬ 
minder, I think, why we have to maintain a strong RFS. I know 
that domestic oil production is soaring, but we all know that pro¬ 
duction won’t last forever and that falling oil prices are not going 
to last forever as well. 

I am running short on time. I could give a lot more facts and fig¬ 
ures, but I think in the interest of time and given the fact that I 
am waived to this committee today, this subcommittee today, I do 
just want to ask Mr. Martin. With all the different statistics that 
we know in mind, how would you say the RFS and strong CAFE 
standards help to address continued increase in gasoline consump¬ 
tion and carbon emissions? 

Mr. Martin. Right. So I think vehicle fuel, vehicles policy to 
make vehicles more efficient, fuels policy, and also to get electric 
vehicles going, these things work together to cut oil use and reduce 
all the burdens that high oil use has on the U.S., saving consumers 
money and reducing greenhouse gas pollution and all the other 
challenges associated with oil pollution. So I think the RFS of 
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course is supporting the development of alternative fuels, but all 
those pieces fit together. 

Mr. Loebsack. Right, I appreciate that. And I do appreciate the 
comments about E15 that were mentioned too, because it is the 
case that I know some folks have concerns about that. Mr. Carter 
did. But the fact of the matter is that we can make sure that we 
label this correctly so that people do not have problems with their 
engines. And I know that Senator Cruz has some concerns about 
that as well. 

But I want to continue to work forward with the President, with 
the Administration, with the relevant folks to make sure that we 
do have a strong RFS and that we do in fact continue to contribute 
to our rural economies. I think it is just absolutely essential and 
I think we can have cleaner air and I think we can reduce our de¬ 
pendence on fossil fuels and make sure that we have better secu¬ 
rity for our country as well so we are not fighting wars for oil down 
the road. 

So thank you again, Mr. Chair, for having me and I appreciate 
it. Thanks so much. 

Mr. Shimkus. The gentleman’s time is expired. Again the chair 
wants to thank the gentleman from Ohio and then recognize him 
for 5 minutes. 

Mr. Johnson. OK. Thank you, Mr. Chairman. I appreciate that 
and I was happy to yield. 

Mr. Eichberger, many of us that are not from California are not 
big fans of the State’s disproportionate role in dictating fuels and 
vehicle policies. Could you talk a bit about California’s role in tech¬ 
nology forcing with regards to fuels and vehicles and what it may 
mean for the rest of us? 

Mr. Eichberger. Probably not to that extent. What I can articu¬ 
late is of the electric vehicles that are being sold in the market, 
half of them are being sold to California. I think that is encouraged 
a lot by the Zero Emission Vehicle program they have and the 
other States that have the ZEV program, and it does drive some 
decisions by the automakers to satisfy the largest market in the 
union. 

Mr. Johnson. OK, all right. Well, thank you. 

Mr. Maples, the Annual Energy Outlook for 2018 has projections 
out to 2040 and you see the gasoline-powered internal combustion 
engine remaining the most popular choice over that span. Can you 
explain the staying power of the internal combustion engine? 

Mr. Maples. Sure. So again I think this really comes down to, 
for the alternatives to the internal combustion engine the cost of 
those alternatives and then the availability of alternative fuels in 
that refueling infrastructure, in general, just a consumer accept¬ 
ance. 

The gasoline vehicle is going to get much better. I think we have 
talked about that some here today. You are going to see significant 
improvements in fuel economy there, significant reductions in fuel 
costs for consumers of those vehicles, which I think is going to 
make it even more difficult for some of these alternatives to com¬ 
pete against it. 

Mr. Johnson. Yes. I don’t rebuild cars myself, but I know that 
here in America ever since the automobile was first developed it 



95 


began creating an enthusiastic consumer base for old cars, rebuild¬ 
ing cars, automobile enthusiasts, and so I think consumer accept¬ 
ance for a lot of the new technologies is a big part of this factor 
that is keeping the combustion engine as the mainstay. Would you 
agree with that? 

Mr. Maples. I think that is correct. OEMs right now, for exam¬ 
ple, I don’t think there are any propane vehicles that are available 
produced from an OEM, or natural gas. 

Mr. Johnson. Right. 

Mr. Maples. But they do sell them as convertible if a consumer 
wanted to go and have those converted over. So otherwise we have 
plug-in vehicles as an option and then flex-fuel vehicles. 

Mr. Johnson. Sure, OK. 

Also to you, Mr. Maples, to what extent is fueling infrastructure 
an impediment to increased market penetration of alternatives? 

Mr. Maples. I think with any of these alternative vehicles there 
are hurdles and the question is how many hurdles have to be over¬ 
come in order for these options to be successful. Policy plays a role, 
but certainly one of the, I think, biggest hurdles is availability of 
refueling of those vehicles. 

Mr. Johnson. OK, all right. 

Mr. Chair, with that I yield back a whole minute and 33 seconds. 

Mr. Shimkus. The gentleman yields back his time. 

Seeing that there are no further members wishing to ask ques¬ 
tions for this panel, I would like to thank all of our witnesses again 
for being here today. Before we conclude, I would like to ask for 
unanimous consent to submit the following documents for the 
record: A letter from VNG, which is a natural gas vehicle group; 
and this, Fueling a Clean Transportation for the Future from the 
Union of Concerned Scientists. * Without objection, so ordered. 

[The information appears at the conclusion of the hearing.] 

Mr. Shimkus. In pursuant to the committee rules, I remind 
members that they have 10 business days to submit additional 
questions for the record and I ask that witnesses submit their re¬ 
sponses within 10 days if possible upon receipt of the questions. 

Without objection, the committee—before I do that, I really ap¬ 
preciate it. I think it was a great hearing. Members were very par¬ 
ticipative and we learned a lot. So I do appreciate and, without ob¬ 
jection, this committee is adjourned. 

[Whereupon, at 11:49 a.m., the subcommittee was adjourned.] 

[Material submitted for inclusion in the record follows:] 


*The information has been retained in committee files and can be found at: https:/ / 
docs.house.gov / meetings/if/ if18/20180307/106958 / hhrg-115-ifl8-20180307-sd090.pdf 
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VNG 


484 Norristown Road - Suite 122 
Blue Bell, PA 19422 
Tel: 610.709.5500 
Fax: 610.415.5585 
www.vng.co 


March 5, 2018 


Hon. John Shimkus 

Chair, House Committee on Energy and Commerce - Subcommittee on Environment 
Hon. Paul Tonko 

Ranking Member, Committee on Energy and Commerce - Subcommittee on Environment 

Comments by VNG 
Regarding the March 7 Hearing to 

Examine the Examine the Future of Transportation Fuels and Vehicles 


Dear Reps. Shimkus and Tonko: 

VNG.co LLC is a developer of compressed natural gas (CNG) fuel dispensing infrastructure for 
light- and medium-duty natural gas vehicles (NGVs). We applaud the Committee for devoting 
time to the important topic of transportation fuels and vehicles and we recommend natural gas and 
renewable natural gas (RNG) should be considered as important mainstream transportation fuels 
and NGVs recognized as unique vehicles which can help America improve our air quality and 
reduce our reliance upon petroleum based fuels. 

NGVs are in some ways a much more mature and established compared to electric vehicles (EVs) 
and hydrogen fuel cell vehicles (HFCVs). There are over 22 million NGVs on the road globally, 
and, while only 150,000 are in the U.S., they are playing an increasingly prominent role in transit 
bus and refuse truck fleets in municipalities nationwide. However, it would be a mistake to assume 
that NGV technology hasn’t improved significantly in recent years, or that there aren’t significant 
untapped opportunities for further advancement. We therefore urge the Committee to include 
NGVs in its consideration of the future of transportation fuels and vehicles. 

Renewable Natural Gas - A “Waste-to-Wheels” Emissions Game-Changer 

Since 2013, there has been a dramatic transformation of the lifecycle emissions profile of NGVs 
due to the rapid adoption of RNG in the transportation sector. RNG, also known as biogas or 
biomethane, captures methane produced from a variety of sources including landfills, dairy and 
livestock operations, and wastewater treatment plants. Once impurities are removed, this methane 
can be used as a perfect substitute for fossil natural gas, including distribution in the existing 
natural gas pipeline system and use in NGVs. 
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Since methane is a powerful greenhouse gas, the use of RNG can achieve massive emission 
reductions on a C02-equivalent basis when used as a transportation fuel. While lifecycle emissions 
can vary significantly depending on the pathway for RNG production, according to the most recent 
values for the California Low Carbon Fuel Standard (LCFS) it can yield emission cuts of between 
50% and 400%' - in other words, NGVs powered by RNG can be carbon negative, potentially 
yielding even greater emissions benefits than an electric vehicle powered entirely by solar or wind 
energy. 

These emissions aren’t a theoretical possibility. In fact, RNG fueling is increasingly the norm for 
NGVs thanks to the federal Renewable Fuel Standard (RFS) and the California Low Carbon Fuel 
Standard (LCFS). These programs have emerged as powerful economic drivers for RNG use in 
transportation, thanks to the reclassification of RNG as a cellulosic biofuel by EPA 1 2 as well as 
CARB’s ranking of it as the lowest GHG fuel on the market. 3 Today, the value of these RFS and 
LCFS credits has made RNG commercially competitive with fossil natural gas. 4 

This economic driver has led to the very rapid increase in the production and sale of RNG fuel to 
the transportation sector - particularly in California, where fuel retailers can benefit from sales of 
both LCFS and RFS credits and where there are the largest number of NGVs and natural gas 
fueling stations. According to the RNG Coalition, over 60% of NGV fueling in California and 
35% nationally comes from RNG. 5 6 With this trajectory of RNG growth, the emissions benefits of 
NGVs today are already at least as powerful as EVs and likely even greater. 

Future NGV Technologies Promise Best Emissions Path for ICEs 

Going beyond today’s NGV technology, there is enormous untapped potential for natural gas to 
deliver even greater environmental and fuel economy benefits in the future. As the highest-octane, 
cleanest hydrocarbon fuel, natural gas has very favorable physical properties for unsurpassed 
performance from an internal combustion engine - if automakers are sufficiently incentivized to 
invest in developing this fuel to its full potential. 

Natural gas has 130 octane, far beyond what gasoline - even ethanol-blended gasoline - can 
provide. In the “Advancing Technologies for America’s Transportation Future” study, the National 
Petroleum Council projected that this could yield fuel economy up to double that of conventional 
vehicles when combined with direct injection technologies that fully utilize the properties of 


1 California Air Resources Board, LCFS Pathway Certified Carbon Intensities. Nov. 2017. 
https://www.arb.ca.aov/fuels/lcfs/fuelpathwav5/pathwavtabie.htm . 

2 "Renewable Fuel Pathways II Final Rule to Identify Additional Fuel Pathways under Renewable Fuel Standard 
Program Documents." Environmental Protection Agency. July 18, 2014. https://www.epa.oov/renewable- 
fuelstandard-proaram/renewable-fuei-oathwavs-ii-final-rule-identifv-additional-fuel-0 

3 Staff Report, California Air Resources Board, Proposed Re-Adoption of the California Low Carbon Fuel Standard 
(Dec, 2014), https://www.arb.ca.aov/reaact/201S/lcfs201S/lcfs15isor.Ddf 

4 The Feasibility of Renewable Natural Gas as a Large-Scale, Low Carbon Substitute , UC Davis Institute of 

Transportation Studies, June 2016. https://www.arb.ca.Qov/research/apr/past/13-307.pdf 

6 Patrick Couch, RNG in California: More Than You Think, Fleets and Fuels (Apr. 20, 2016), 
http://www.fleetsandfuels.com/fuels/cna/2016/04/ma-in-c3iifornia-more-than-vou-think/ . ie 
Id. » Alternative Motor Fuels Act of 1988, Public Law 100-494, 102 Stat. 2441. 
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CNG. 6 The leading CNG conversion company, Westport Innovations, is already investigating the 
potential for natural gas-fueled advanced powertrains that exploit these properties for pickup 
trucks, with a turbocharged direct injection platform that could reduce carbon emissions by at least 
30%. 7 

The potential environmental benefits of CNG aren’t limited to greenhouse gases. In 2015, 
Cummins Westport International (CWI) introduced a heavy-duty CNG engine that was the first 
engine of any kind to meet the California Air Resources Board (CARB) optional low-NOx 
emission standard of 0.02 g/bhp-hr NOx - 90% below the 2010 EPA certification level. 38 Owing 
to the inherently cleaner chemistry of natural gas compared to petroleum-based fuels, similar 
improvements in performance for NOx emissions could likely be achieved for light-duty vehicles 
given sufficient automaker interest and investment. While NOx emissions are much lower for 
gasoline-fueled vehicles compared to diesel vehicles, they are still significant, making this a major 
untapped opportunity to address smog-forming emissions on our roads. 

“Bridge to Hydrogen” Needed More Than Ever 

Since the earliest days of HFCV development, it has been recognized that there are numerous 
technical synergies between the development and commercialization of NGVs and HFCVs owing 
to the physical similarities between methane and hydrogen. In its 2012 light-duty vehicle 
rulemaking, EPA wrote that “CNG investments have the potential to facilitate the introduction of 
hydrogen FCVs in several respects,” including innovations in advanced storage materials and tube 
trailer designs, improved designs for compressors and fuel dispensers, and on-site production of 
hydrogen from natural gas feedstock. VNG helped to lay out this rationale in a white paper, 
“NGVs: An Essential Bridge to Hydrogen,” commissioned from the consultancy Energy Futures. 8 

As a CNG infrastructure developer, VNG is particularly aware that some of the strongest synergies 
between these fuels are in the area of fueling station development. Both CNG and hydrogen fueling 
stations require the same types of equipment, including compressors, high-pressure storage tanks, 
and gaseous fuel dispensers. Shared standards, equipment designs, production and operational 
economies of scale, and technology innovations in this area could simultaneously drive down costs 
for both fuels. The September 2014 report “Transitioning the Transportation Sector: Exploring the 
Intersection of Hydrogen Fuel Cell and Natural Gas Vehicles” by the Sandia National Laboratory 9 
goes further, with a concept design for a combined hydrogen and natural gas fueling station that 
“could improve operational expenditures and also take advantage of common supply chains.” 


6 Report, National Petroleum Council, Advancing Technology for America's Transportation (2012), 
http://www.noc.ora/reports/trans.html. 

7 Methane: The Performance Fuel, Westport Innovations (October 2015) 

https://cleancities.enerav.gOv/files/u/news events/document/document url/128/Brad Douville Westport NGVTF , 
pdf 38 Game-Changer, Next Generation Heavy Duty Natural Gas Engines Fueled By Renewable Natural Gas, 
Gladstein, Neandross and Associates (May 2016), http://navaamechanger.com/pdfs/GameChanaer FullReport.adf 

8 Natural Gas: An Essential Bridge to Hydrogen Fuel Cell Vehicles, Energy Futures (2011) 
http://vna.co/wocontent/uDloads/2012/05/Naturai-Gas-An-Essential-Bridae-To-Hvdroqen-Fuel-Cell-Vehicles.pdf 

9 Transitioning the Transportation Sector Exploring the Intersection of Hydrogen Fuel Cell and Natural Gas Vehicles, 
Sandia National Laboratory (2014), https://enerav.aov/sites/orod/files/2015/02/f19/2015-01 H2NG- 
ReportFiNAL.pdf 41 Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues, National 
Renewable Energy 

Laboratory (2013), http://wvyw1.eere.enerav.aov/hvdroaenandfuelcells/pdfs/blendina h2 nat gas oioeline.pdf 
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Fuel production is another key synergy, particularly for the production of renewable hydrogen - a 
requirement for hydrogen fueling in California, the leading adopter of HFCVs. RNG is an ideal 
feedstock for renewable hydrogen production via steam methane reforming (SMR) technology, 
but the market for HFCVs is currently too small to drive widespread development of these 
resources. As discussed previously in these comments, RNG-fueled NGVs are building the market 
and growing demand for this ultra-low carbon renewable feedstock in the near term, ensuring 
sufficient supplies of RNG for renewable hydrogen production in the longer term. 

The Importance of NGVs in the Current Market Context 

These present and future advances in NGV technology and the ability to incorporate renewable 
fuels such as RNG are particularly important to consider in the context of an auto market that has 
also changed significantly in recent years. Low gasoline prices have encouraged U.S. consumers 
to gravitate towards the purchase of larger and less fuel-efficient vehicles. After the Great 
Recession of 2008 decimated all classes of vehicle sales as well as oil prices, light truck sales 
have rebounded much more strongly than passenger vehicles and are approaching all-time highs 
and a market share of over 60%. 4 And even if gasoline prices rise again, these large light duty 
vehicles will always account for a sizable part of the market due to their unique ability to meet 
specific consumer and business needs. 

Unfortunately, EVs and HFCVs are almost exclusively an alternative for small cars, and are likely 
to be so for the foreseeable future. EVs face particular challenges in applications for light trucks 
and pickups due to the added cost and weight of the battery packs needed to move these larger 
vehicles, particularly those built for carrying or towing heavy loads. Indeed, there are very few 
electric light trucks on the market today and no pickups, and in its 2016 technical assessment EPA 
did not even consider the possibility of electric towing-capable vehicles within the 2025 
timeframe. 10 

Pickup trucks are the best-selling vehicles in America, as well as the most important source of 
profits for the “Big Three” U.S. automakers. Thus, a cost-effective solution to their emissions and 
petroleum dependence Is absolutely essential to ensuring that these companies, their hundreds of 
thousands of employees, and the millions of consumers and businesses that rely on pickup trucks 
are not unnecessarily harmed by the agencies’ regulations. 

Fortunately, and in contrast to electrification, NGVs are ideally suited to be a low-emission, non¬ 
petroleum alternative fuel for light trucks and pickups especially. Larger vehicle envelopes provide 
ample room for CNG storage tanks, and since natural gas offers far greater energy density than 
batteries, it is much better-suited for moving heavy vehicles. These characteristics are why natural 
gas has long been the clean fuel of choice for heavy-duty vehicles like transit buses and refuse 
trucks, and the same logic holds true for the heavier side of the light-duty vehicle spectrum. 

Indeed, automakers have demonstrated that NGVs are already a viable commercial technology 
for pickups. All three U.S. automakers have offered either CNG-equipped or CNG-ready 


10 Draft TAR, supra note 2, at 4- 
40. 
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versions of their flagship full-size pickups, including GM’s Chevy Silverado, 11 FCA’s Dodge 
Ram, 12 and Ford’s F150, In fact, in addition to being the best-selling vehicle of any model, the 
2016 Ford F-l 50 was named Green Car Journal’s “Green Car of the Year” in part due to the 
availability of a CNG prep package as an option. 13 

Ensuring a Portfolio of Future Transportation Fuels and Vehicles 

NGVs should be on equal footing with EVs and HFCVs, considering they deliver similar or 
superior emissions benefits, have significant potential for further technology advancements, and 
are ready for deployment in high-impact market segments that EVs and HFCVs will not be able 
to address for years to come. 

Unfortunately, current federal policies fail to meet this policy goal, across the board. For 
example, EPA regulations have undercut Congress’s statutory incentives for NGVs and place 
them at a distinct disadvantage compared to EVs and HFCVs with respect to regulatory 
incentives. We have attached as Appendix “A” specific recommendations for correcting these 
regulatory shortcomings and to encourage the production of American Made NGVs. 

We urge the Committee work to remedy these shortcomings, and we are eager to meet with 
policymakers in all parts of government to further this important discussion. 

Sincerely, 


Robert C. Atkinson 
Chief Regulatory Officer 
VNG.eo 

rcatkinson@vng.co 

908 - 447-4201 


11 Brandon Turkus, 2015 Chevy Silverado HD gets CNG option. Autoblog (Feb. 6, 

2014), http://www.aytobloa.com/2014/02/06/201S-chevrolet-silverado-hd-cna-official/. 

12 Richard Truett, Ram will expand lineup of CNG-powered trucks. Automotive News (Mar. 4, 2015), 
http://www.autonews.com/articie/20150304/OEH/l05/150309913/ram-will-expand-lineuD-of-cna-Dowered- 
trucks. 

13 Fuel Efficiency, Alternative Fuels and Sustainability Earn Ford F-150 201 6 Green Truck of the Year Award, Ford 
Motor Co. (Nov. 19, 2015), https://media.ford.com/content/fordmedia/fna/us/en/news/2015/11/19/ford-f-15Q- 
earns2016-qreen-truck-of-the-vear-award. htm I . 
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Appendix “A” 

Regulatory Recommendations to Incentivize NGV Production 

Improving natural gas vehicle (NGV) incentives can be accomplished through simple regulatory reforms. 
The reforms necessary to achieve this goal are straightforward and fully justified by the game-changing 
environmental benefits of NGV technology, including the use of renewable natural gas (RNG), the potential 
for high-efficiency engines, and synergies with hydrogen fuel cell vehicles. We recommend four actions: 

• Restore 0.15 Divisor: NGV emissions calculations should return to the “0.15 divisor” effective 
immediately, with emissions calculated as 85% below a gasoline vehicle (as was the case before 
2016). This is justified by the game-changing real-world emissions benefits of RNG, and is 
moreover harmonized with Congressionally-mandated incentives under the CAFE program. 

We recommend reinstating language from the MY 2011-2016 regulations under 40 C.F.R. § 
600.510-12, Calculation of average fuel economy and average carbon-related exhaust emissions. 

• Remove Dual-Fuel Design Requirements: EPA should remove the utility factor requirements for 
a 2:1 ratio of CNG-to-gasoline range, as well as the requirement for dual-fuel NGVs to only use 
gasoline when the CNG tank is empty. These unnecessary design requirements add cost and reduce 
the appeal of these vehicles to consumers, and analogous plug-in hybrid electric (PHEV) vehicles 
face no such requirements despite having far lower driving range on electricity (<40 miles) 
compared to the typical natural gas range of a dual-fuel NGV pickup (250+ miles). 

This could be achieved by deleting the requirements in 40 C.F.R. § 600.510-12, Calculation of 
average fuel economy and average carbon-related exhaust emissions, part (c)(2)(vii)(B) for fuel 
economy and (j)(2)(vii)(B) for emissions. 

• NGV Pickup Incentive: EPA has recognized the unique challenges facing full-sized pickups, and 
natural gas could be the ideal low-emission platform for these vehicles. This could be encouraged 
by offering a “Natural Gas Pickup” incentive similar to current hybrid-electric and “performance- 
based” pickup incentives; however, for the natural gas pickup credit, minimum deployment 
thresholds (10% of all full-size pickups for existing credits) should be eliminated to reflect the 
greater market challenges faced by NGVs - since, unlike hybrids, they use an alternative fuel. 

This could be accomplished by inserting a new section (c) under 40 C.F.R. § 86.1870-12, C02 
credits for qualifying full-size pickup trucks, titled "Credits for implementation of natural gas 
technology. " The structure of these credits would be similar to those for sections (a) and (b), but 
without requirements for the "required minimum percent offull size pickup trucks. " 

• Recognize Retrofits: Encouraging retrofits of older gasoline vehicles to run on CNG is slightly 
more complex, but offers a unique opportunity to reduce vehicle emissions throughout their 
useful life instead of just at the point of sale. EPA should allow certified converters to “opt in” to 
the program and generate credits for CNG retrofits and upfits, prorated in proportion to their 
remaining useful life. Retrofits could also be encouraged by providing credits for CNG “prep 
packages” that reduce the costs of subsequent conversion to natural gas, as part of the off-cycle 
credit technologies menu listed at 40 C.F.R. § 86.1869-12, C02 credits for off-cycle C02- 
reducing technologies. 
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Mr. John Maples 

Senior Transportation .Analyst 

U.S. Energy Information Administration 

1000 Independence Avenue, S.W. 

Washington, DC 20585 

Dear Mr. Maples: 

Thank you for appearing before the Subcommittee on Environment on March 7,2018, to 
testify at the hearing entitled “The Future of Transportation Fuels and Vehicles.” 

Pursuant to the Rules of the Committee on Energy and Commerce, the hearing record 
remains open for ten business days to permit Members to submit additional questions for the record, 
which axe attached. To facilitate the printing of the hearing record, please respond to these questions 
with a transmittal letter by the close of business on Thursday, April 5,2018. Your responses should 
be mailed to Kelly Collins, Legislative Clerk, Committee on Energy and Commerce, 2125 Rayburn 
House Office Building, Washington, DC 20515 and e-mailed in Word format to 
kellv.collins@mail.house.gov . 

Thank you again for your time and effort preparing and delivering testimony before the 
Subcommittee. 



Subcommittee on Environment 

cc: The Honorable Paul Tonko, Ranking Member, Subcommittee on Environment 


Attachment 
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QUESTION FROM REPRESENTATIVE BARTON 

Ql, Q2, and Q4 request information that is beyond the scope of the Energy 
Information Administration’s mission. 

Q3. What types of financial incentives currently exist through the federal government 
and private sector, to encourage this type of innovation? 

A3. The Department of Energy’s Alternative Fuels Data Center provides information 
on vehicle types, fueling locations and federal and state laws and incentives at 
https://www.afdc.energy.gov/ . 



104 


QUESTION FROM REPRESENTATIVE HUDSON 

Mr. Maples, thank you for coming to testify before the Subcommittee today. In 
your testimony, you highlight the Annual Energy Outlook out to 2050. In that 
outlook it shows the sharp increase in alternative fuels ad unconventional 
vehicles. However, you also mention that a leading cause of uncertainty is the 
lack of refueling infrastructure available to consumers. 

Q1. Can you elaborate on this point for us? How do you think this would impact more 
rural customers like some of those found in my district? 

Al. Current regulatory requirements are a primary driver of alternative fuel vehicle 
sales in our projection. EIA's Annual Energy Outlook assumes that alternative 
fuel infrastructure buildout is in-step with the numbers of vehicles in use and as 
more vehicles are sold, additional infrastructure is added to meet that demand. In 
reality, limited infrastructure development reduces the value of an alternative fuel 
vehicle to consumers and can dissuade consumer interest in those vehicles. In 
rural areas, infrastructure development could be more limited due to the cost of 
infrastructure installation relative to the potential time period it would take to 
realize returns on those investments given the limited number of consumers 
refueling. Without strong financial incentives to support infrastructure 
development and vehicle purchase, it is not likely that significant increases in 
alternative fuel vehicles will occur. 

Q2. I completely agree with you this infrastructure development is a critical part in 

creating consumer acceptance. What incentives do you think exist that could help 
reach consumers outside of what we think of as traditional markets for these 
technologies? 

A2. The U.S. Energy Information Administration (EIA) is the statistical and analytical 
agency within the U.S. Department of Energy. As such, it does not formulate or 
speculate about energy policy. The Department of f/nergy’s Alternative Fuels 
Data Center provides information on current vehicle types, fueling locations and 
federal and state laws and incentives at https://www.afdc.energy.gov/ . 
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Dr. John Farrell 

Laboratory Program Manager, Vehicle Technologies 
National Renewable Energy Laboratory 
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Golden, CO 80401 

Dear Dr. Farrell: 

Thank you for appearing before the Subcommittee on Environment on March 7,2018, to 
testify at the hearing entitled “The Future of Transportation Fuels and Vehicles.” 

Pursuant to the Rules of the Committee on Energy and Commerce, the hearing record 
remains open for ten business days to permit Members to submit additional questions for the record, 
which are attached. To facilitate the printing of the hearing record, please respond to these questions 
with a transmittal letter by the close of business on Thursday, April 5,2018. Your responses should 
be mailed to Kelly Collins, Legislative Clerk, Committee on Energy and Commerce, 2125 Rayburn 
House Office Building, Washington, DC 20515 and e-mailed in Word format to 
kel1v.collins@mail.house.gov . 

Thank you again for your time and effort preparing and delivering testimony before the 
Subcommittee. 


Sincerely. 



John Shimkus 
Chairman 

Subcommittee on Environment 


cc: The Honorable Paul Tonko, Ranking Member, Subcommittee on Environment 


Attachment 
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Attachment - Additional Questions for the Record 
The Honorable John Shimkus 


1. Dr. Farrell, in your view, what are the benefits for future spark ignition engines of high 
octane fuels? 

The fuel property with the greatest impact on efficiency of spark ignition (SI) engines is the 
octane level. Numerous studies have shown that higher-octane fuels can deliver 
dramatically improved engine efficiency and performance. Determining the optimal octane 
level requires consideration of additional factors, such as cost and emissions. 

2, Compared to other octanes which NREL has studied and researched through Co-Optima 
efforts, how does ethanol compare? 

The Co-Optimization of Fuels and Engines (Co-Optima) initiative has conducted a detailed 
and comprehensive assessment of different fuel blendstocks' potential performance in 
high-efficiency SI engines. This characterization factored in a wide range of fuel properties 
that impact efficiency, including octane levels. Co-Optima researchers are exploring 
blendstocks that can be produced from a wide spectrum of domestic resources, including 
natural gas and petroleum—as well as from domestic biomass such as forestry and 
agricultural feedstocks. 

Representative blendstocks from five chemical families identified by researchers as 
demonstrating the greatest promise of delivering fuel properties that meet performance 
and production requirements include small alcohols, such as ethanol. For conditions 
relevant to smaller, advanced turbocharged engines, small alcohols such as ethanol work 
well, and ethanol is typically the current market's incremental octane source of choice. 

The Honorable Joe Barton 


1. While we work to create new, energy efficient technologies to fuel our transportation 
system, are we also taking steps to make current energy sources more sustainable? For 
example, natural gas is one of this country's most practical energy sources and a proven fuel 
with many opportunities that could be explored to upgrade with new technologies. With 
the rapid growth in energy demand, I believe that more needs to be done to explore novel 
developments of this major untapped natural resource. 

NREL and DOE are pursuing a full spectrum of transportation solutions to improve the 
efficiency, performance, affordability, and sustainability of transportation options for 
consumers and businesses, including electric vehicles that are charged using renewable 
solar and wind power sources. At the same time, researchers are working to optimize the 
more conventional fuel and propulsion technologies that will continue to play an important 
role in transportation solutions for decades to come. Vehicles powered using plentiful, 
affordable domestic resources—including the United States' wealth of natural gas 
reserves—are important components of a broad and inclusive transportation portfolio 
designed to improve energy efficiency, national security, and air quality. 


l 
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At the same time, numerous technical and marketplace barriers must be overcome before 
wider adoption of natural gas vehicles can be realized. Significant research is still needed to 
cost-effectively achieve diesel-like efficiency in natural gas engines for medium- and heavy- 
duty vehicles, while meeting current and future emissions standards. 

In early March 2018, to further exploration in this area, DOE announced $4 million to 
support three new cost-shared research projects focused on medium- and heavy-duty, on¬ 
road natural gas engines. NREL is collaborating with three other national labs on this early- 
stage research, focusing on innovations to push to the next level pre-chamber spark-ignition 
(PCSI) technology that has demonstrated efficiency improvements up to 20% in light-duty 
gasoline engine. 

2. What steps is the Department of Energy taking to encourage natural gas-related energy 
research and development for biological and catalytic technologies, methods and tools to 
convert natural gas into fuels, chemicals and other products? Moving forward to upgrade 
this vital resource in our nation not only offers alternative sources of fuel but also provides 
opportunities for economic growth in regions of our country where methane gas is 
prevalent. 

DOE continues to encourage natural gas-related R&D through recent projects including one 
focused on biogas biocatalysis. Researchers are developing a biocatalyst (microbe) with the 
capability to co-utilize carbon dioxide (C02) and methane (CH4) to produce fuels and 
chemicals. Through non-photosynthetic C02 utilization in novel hosts, the research aims to 
enhance CH4/C02 uptake via targeted metabolic engineering. 

Other NREL research is already addressing a critical gap in the 11- to 13-liter engine 
category needed to power vocational vehicles ranging from garbage trucks and transit 
buses to Class 8 long-haul freight trucks. Two projects have focused on certification and 
commercial production of natural gas engines, utilizing both compressed natural gas and 
liquefied natural gas. This led to Cummins Westport's development and eventual 
commercial production of the 11.9-liter ISX12 G engine. 

3. What types of financial incentives currently exist through the federal government and 
private sector, to encourage this type of innovation? 

Given that NREL does not have authority in the area of federal and private financial 
incentives, the Department of Energy has agreed to submit an answer to this question. 

4. How would such a company present these types of ideas to the federal government for 
consideration? 

Given that NREL does not have authority beyond that within a National Laboratory's limited 
purview in how a company would present ideas to the federal government, the Department 
of Energy has agreed to submit an answer to this question. 
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The Honorable Bill Flores 


1. In your testimony, you discuss the wave of innovation dramatically reshaping the concept of 
transportation as we know it. Often, when alternative fueling stations, such as hydrogen, 
are first introduced to a community, the local governments are challenged in how best to 
permit the stations. 

a. How could the federal government facilitate the development of these fueling stations? 

As consumer adoption of fuel cell vehicles gains momentum, the federal government 
could consider supporting research to overcome technical challenges faced by industry 
in scaling up from today's ~200 kg/day stations to the >1000 kg/day high-throughput 
hydrogen fueling stations needed to achieve full commercial success. In addition, 
national infrastructure strategy could improve reliability, decrease cost, and optimize 
use of domestic energy sources while supporting successful deployment of advanced 
transportation technologies to move people and goods using light-duty passenger 
vehicles, heavy-duty commercial trucks, and other vocational vehicles and equipment. 
These efforts are aligned with DOE's H2@Scale initiative, which focuses on R&D to 
generate low-cost hydrogen from diverse domestic resources for multiple applications, 
including transportation, energy storage, and industrial uses. 

b. Could the federal government provide some sort of consistency in permitting alternative 
fueling infrastructure, for hydrogen or others, to facilitate the development of fueling 
stations? 

Permitting for any type of fueling station is currently led by local jurisdictions, which rely 
on a mix of ordinances and procedures. Because of this, the primary focus of federal 
efforts in supporting permitting are: 

• Conducting research to evaluate the safety and performance of new technologies 

• Providing access to the latest research via publications, tools, and training 

• Developing standardized tools and permits 

• Making technical experts available. 

While permitting at a federal level may encourage more steady growth and adherence 
to relevant codes, it could also result in a more confusing patchwork between federal 
and local regulations and possibly have a detrimental effect on project quality and 
timelines. Instead, DOE has provided local governments with a range of tools and 
information to assist in the permitting and development of fueling stations. In a related 
effort driven by the hydrogen industry, NREL is working on standardized permits that 
local jurisdictions can use for hydrogen stations. 

Ongoing dialogue with local jurisdictions also points to the need for technical assistance 
in many areas, including understanding the market and the potential barriers to success 
for new technology, educating local jurisdictions and first responders as new stations 
are established, and partnering among cities to build fueling corridors. 
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2, The availability of fueling infrastructure is critical to the widespread adoption of alternative 
fuel vehicles. In what manner is NREL examining challenges that new technologies face, 
such as cost and fueling infrastructure barriers? 

NREL research and development optimizes fueling infrastructure technologies to increase 
station reliability and decrease consumer fuel costs through improving safety, nozzle and 
dispenser technology, metering, material compatibility, resilience, and systems integration. 
NREL also provides analysis and analytic tools to support decisions on infrastructure 
placement and costs. Finally, NREL collaborates closely with industry partners on applied 
infrastructure research to ensure that the most challenging technical issues are being 
addressed in ways that will lead to better, more affordable fueling options for U.S. 
consumers as hydrogen production is scaled up. As mentioned above, these efforts are 
aligned with DOE's H2@Scale initiative. 

The following provide more detailed information on NREL's work that addresses 
infrastructure issues: 

• Transportation Big Data - Unbiased Analysis and Tools to Inform Sustainable 
Transportation Decisions 
https://www.nrel.gov/docs/fyl6osti/66285.pdf 

• Scenarios of Early Market Fuel Cell Electric Vehicle Introductions 
https://www.nrel.gov/docs/fvl3osti/56588.pdf 

• California Power-to-Gas and Power-to-Fiydrogen Near-Term Business Case Evaluation 
https://www.nrel.gov/docs/fvl7osti/67384.pdf 

• Performance of Existing Flydrogen Stations 
https://www.nrel.gov/docs/fyl8osti/70527.pdf 

• CNG VICE Model evaluates return on investment and payback period for new 
infrastructure 

www.afdc.energy.gov/vice model 

• E85 Handling and Use Guidelines 
www.afdc.energv.gov/uploads/publication/ethanol handbook.pdf 

• Biodiesel Handling and Use Guidelines 
www.afdc.energv.gov/uploads/publication/biodiesel handling use guide.pdf 

• Costs Associated with Propane Infrastructure 
www.afdc.energv.Bov/uploads/publication/propane costs.pdf 

• Costs Associated with Natural Gas Infrastructure 
www.afdc.energv.gov/uploads/publication/cng infrastructure costs.pdf 

• CNG and Fleets: Building your Business Case 
www.afdc.energv.Bov/uploads/publication/cng fleets business case.pdf . 


4 




110 


GREG WALDEN, OREGON 
CHAIRMAN 


FRANK PALLONE, JR., NEW JERSEY 
RANKING MEMBER 


ONE HUNDRED FIFTEENTH CONGRESS 

Congress of tfje flmteb States 

$)ou<sr of j^cpreSEntatitJES 

COMMITTEE ON ENERGY AND COMMERCE 
2125 Rayburn House Office Building 
Washington, DC 20515-6115 

Majority 12021225-2927 
Minority 12021225-3641 

March 22,2018 
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Senior Fellow 
Resources for the Future 
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Dear Dr. Linn: 

Thank you for appearing before the Subcommittee on Environment on March 7,2018, to 
testify at the hearing entitled “The Future of Transportation Fuels and Vehicles.” 

Pursuant to the Rules of the Committee on Energy and Commerce, the hearing record 
remains open for ten business days to permit Members to submit additional questions for the record, 
which are attached. To facilitate the printing of the hearing record, please respond to these questions 
with a transmittal letter by the close of business on Thursday. April 5,2018. Your responses should 
be mailed to Kelly Collins, Legislative Clerk, Committee on Energy and Commerce, 2125 Rayburn 
House Office Building, Washington, DC 20515 and e-mailed in Word format to 
kellv.collins@mail.house.gov . 

Thank you again for your time and effort preparing and delivering testimony before the 
Subcommittee. 



Subcommittee on Environment 

cc: The Honorable Paul Tonko, Ranking Member, Subcommittee on Environment 
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Joshua Linn 

Associate Professor, University of Maryland 
Senior Fellow, Resources for the Future 1 


Questions for the Record for the Subcommittee on Environment Hearing that took place 
on March 7, 2018: “The Future of Transportation Fuels and Vehicles” 

1. What types of financial incentives currently exist through the federal government and 
private sector, to encourage this type of innovation? 

There are several forms of incentives for innovation: federal research grants, consumer 
subsidies, and vehicle standards. Federal research grants come from a number of programs, 
including the Advanced Research Projects Agency-Energy (ARPA-E). This program funds 
research and development of energy technologies that address energy security, environmental, or 
other problems. Since 2009, ARPA-E has had an annual budget of about $300 million, which has 
funded a range of research on power generation, storage, transportation fuels, vehicles, and other 
technologies. Universities and private companies have benefited (directly or indirectly) from 
ARPA-E funding. Only a fraction of the overall funding has been devoted to vehicle 
technologies, although vehicle technology researchers can apply for funding from other federal 
programs. 

The objective of ARPA-E is to fund innovative research that ultimately benefits society, and 
yet is too early-stage to receive private funding. This objective is inherently challenging to meet, 
because evaluators of funding proposals must identify the research that has the best chance of 
benefiting society, and yet can’t receive private funding. 2 That is, it would be wasteful to fund 
projects that the private sector would have funded anyway, or to fund projects that have a very 
low probability of success and a low societal payoff if they do succeed. Yet, there arc strong 
economic arguments supporting federal research grant programs, because private markets may 
not create the societally optimal level or mix of innovation activity, given market failures in 
research and development. 3 Consequently, ARPA-E and other federal funding may benefit 
society in the long run; in fact, many technologies today, such as solar photovoltaics, would 
probably not be as inexpensive, efficient, and environmentally beneficial if it were not for past 
federal research funding. 

The other innovation incentives operate via the private sector, and arise from consumer 
vehicle subsidies and the vehicle standards. Buyers of plug-in vehicles can receive a federal tax 
credit of up to $7,500, and many states offer subsidies on top of the federal tax credit. As I noted 


1 Resources for the Future (RFF) is an independent, nonprofit research institution focused on environmental, energy, 
and natural resource economics and policy. The opinions 1 expressed in these responses are my own, and represent 
positions of neither the University of Maryland nor RFF. 

2 See for example this article l wrote in 2012, about a similar set of challenges for loan guarantee programs: 
http://www.rff.org/research/publications/commentary-loan-guarantees-reconsidered. 

3 See Fischer and Newell (2008): “Environmental and Technology Policies for Climate Mitigation.” 
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in my testimony, there are also many indirect incentives, such as offering plug-in drivers access 
to high occupancy vehicle (HOV) lanes. These policies encourage plug-in vehicle innovation by 
increasing consumer demand, which raises the profitability of selling plug-ins and attracts 
private investment. 

Vehicle standards also provide an indirect incentive for private funding of innovation. By 
vehicle standards, I include the EPA greenhouse gas standards, the NHTSA fuel economy 
standards, and California’s Zero Emission Vehicle program. Automakers can comply with the 
EPA and NHTSA standards by improving the average fuel economy of their gasoline-powered 
vehicles, or by selling more plug-in and fuel cell vehicles (the EPA program allows automakers 
to use a limited number of “off-cycle” emissions reductions as well). Perhaps the most obvious 
way that the standards incentivize plug-in and fuel cell vehicles is the fact that for each of those 
vehicles sold, the automaker generates compliance credits that it can sell to other companies. Or 
alternatively, the automaker selling those vehicles can use the credits for its own compliance, 
reducing the need to improve the average fuel economy of its gasoline-powered vehicles. 

The federal standards further incentivize plug-in and fuel cell vehicles. 4 Specifically, the 
EPA includes only liquid fuel consumption when calculating a vehicle’s emissions, and does not 
count emissions associated with electricity generation. Moreover, EPA counts each plug-in 
vehicle sold as more than one toward compliance, and effectively the EPA is overcrcditing those 
vehicles. In recent research, I estimated that these provisions of the standards effectively 
subsidize each plug-in by $3,000 to $10,000. Note that this is not a direct subsidy that the 
manufacturer actually receives, but instead it represents the benefits to the manufacturer of 
selling an additional plug-in. Note that the dollar amounts of these various incentives cannot be 
added to one another to compute the total incentive for these vehicles, but the dollar amounts 
give a sense of the overall level of support these vehicles receive. 

2. How would such a company present these types of ideas to the federal government for 
consideration? 

Of the three forms of incentives described above, only federal research grants constitute 
direct funding by the federal government to a company. As noted above, ARPA-E funds a wide 
range of research besides vehicle research, although there are other sources of federal research 
funding that a company interested in vehicle research might receive. 

The federal standards and various policies subsidizing plug-in vehicles incentivize new 
research ideas. The incentives may be strongest for the automakers themselves, rather than other 
potential innovators, because the automakers can profit directly from the innovation. As noted 
above, federal funding for vehicle research at other organizations, such as universities or other 
companies, has been limited. 


4 See Linn and McConnell “The Role of State Policies under Federal Light-Duty Greenhouse Gas Emissions 
Standards.” 
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Dear Dr. Martin: 

Thank you for appearing before the Subcommittee on Environment on March 7,2018, to 
testify at the hearing entitled “The Future of Transportation Fuels and Vehicles.” 

Pursuant to the Rules of the Committee on Energy and Commerce, the hearing record 
remains open for ten business days to permit Members to submit additional questions for the record, 
which are attached. To facilitate the printing of the hearing record, please respond to these questions 
with a transmittal letter by the close of business on Thursday, April 5,2018. Your responses should 
be mailed to Kelly Collins, Legislative Clerk, Committee on Energy and Commerce, 2125 Rayburn 
House Office Building, Washington, DC 20515 and e-mailed in Word format to 
kellv.collins@mail.housc.gov . 

Thank you again for your time and effort preparing and delivering testimony before the 
Subcommittee. 



Chairman 

Subcommittee on Environment 

cc: The Honorable Paul Tonko, Ranking Member, Subcommittee on Environment 
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April 4,2018 

The Honorable Joe Barton 
House of Representatives 
Subcommittee on Environment 
Committee on Energy and Commerce 
2125 Rayburn House Office Building 
Washington, DC 20515 


RE: Additional Questions for the Record 

Dear Representative Barton, 

Below are responses to the questions sent in response to the March 7,2018 hearing The 
Future of Transportation Fuels and Vehicles. 

Sincerely, 



Dr. Jeremy Martin 

Union of Concerned Scientists 


Printed on 100% post-t 
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The Honorable Joe Barton 


1. What types of financial incentives currently exist through the federal government 
and private sector, to encourage this type of innovation? 

The Department of Energy and the National Labs provide critically important support for 
innovation in the area of advanced vehicles and fuels, so ensuring DOE has the resources to 
continue to support innovation is important. Stable administration of vehicle and fuel 
standards also support investment in innovative advanced fuels and vehicle technology. The 
federal government also offers several tax credits, including the second-generation biofuel 
producer credit (26 USC 40(b)(6)) and the carbon dioxide sequestration credit (45Q). 

2. How would such a company present these types of ideas to the federal government for 
consideration? 

Companies researching advanced vehicle and fuel technologies often present them for 
support through Department of Energy solicitations. For example, ARPA-E (Advanced 
Research Projects Agency - Energy) funds early stage research, including in the areas of 
vehicle technologies and fuels. In addition, the Department of Agriculture also offers 
research grants on biofuels and advanced feedstocks. 
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GREG WALDEN, OREGON 
CHAIRMAN 


FRANK PALtONE, JR., NEW JERSEY 
RANKING MEMBER 


ONE HUNDRED FIFTEENTH CONGRESS 

Congress of tlje Utttteto States 
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COMMITTEE ON ENERGY AND COMMERCE 
2125 Rayburn House Office Building 
Washington, DC 20515-6115 

Majority <2021 225-232? 

Minority {202I225-3W1 

March 22,2018 


Mr. John Eichberger 
Executive Director 
Fuels Institute 
1600 Duke Street; Suite 700 
Alexandria, VA 22314 

Dear Mr. Eichberger: 

Thank you for appearing before the Subcommittee on Environment on March 7,2018, to 
testify at the hearing entitled “The Future of Transportation Fuels and Vehicles.” 

Pursuant to the Rules of the Committee on Energy and Commerce, the hearing record 
remains open for ten business days to permit Members to submit additional questions for the record, 
which are attached. To facilitate the printing of the hearing record, please respond to these questions 
with a transmittal letter by the close of business on Thursday, April 5,2018. Your responses should 
be mailed to Kelly Collins, Legislative Clerk, Committee on Energy and Commerce, 2125 Rayburn 
House Office Building, Washington, DC 20515 and e-mailed in Word format to 
kellv.collins@mail.house.gov . 

Thank you again for your time and effort preparing and delivering testimony before the 
Subcommittee. 



Chairman 

Subcommittee on Environment 


cc: The Honorable Paul Tonko, Ranking Member, Subcommittee on Environment 
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Fuels Institute 


April 5,2018 


The Honorable John Shimkus 
Chairman 

Energy and Commerce Committee, 
Subcommittee on Environment 
2125 Rayburn House Office Building 
Washington, DC 20515 


The Honorable Paul Tonko 
Ranking Member 

Energy and Commerce Committee, 
Subcommittee on Environment 
2322A Rayburn House Office Building 
Washington, DC 20515 


Dear Chairman Shimkus and Representative Tonko, 


Thank you for inviting me to testify at the March 7,2018, hearing “The Future of 
Transportation Fuels and Vehicles.” I hope the hearing met your expectations and provided 
value to you and your colleagues on the Subcommittee. 


Regarding the written questions presented to me following the hearing, please find my 
responses on the following pages. If there are any additional questions, I would be happy to 
respond. 


Sincerely, 



John Eichberger 
Executive Director 



Attachment. 


1600 Duke Street, Suite 700 
Alexandria, VA 22314 
703 - 518-7970 
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Response of John Eichberger to Written Questions 
Submitted by Members of the Subcommittee on Environment 

Questions Submitted by The Honorable Joe Barton 

• What types of financial incentives currently exist through the federal government and 
private sector, to encourage this type of innovation? 

• How would such a company present these types of ideas to the federal government 
for consideration? 

I am not personally familiar with all programs that may exist to encourage innovation in the 
transportation energy sector, but I know that there are several that serve that purpose. Among 
those with which I am familiar are the alternative fuel vehicle and infrastructure tax credits. 
These programs provide tax incentives to encourage the availability of alternative fuel 
vehicles and the availability of alternative transportation energy to consumers, including 
electricity, natural gas, propane and biofuels. 

From my experience with the retail fueling industry, such incentives can be helpful to 
encourage a company that is already considering such products to make the final decision to 
invest - in other words, by defraying the cost of investment, a tax credit can help a retailer 
get off the fence and move forward with an alternative fuel. However, it is less often that 
such incentives influence a company to make an investment if it was not already considering 
doing so. 

Among other initiatives with which 1 am familiar that encourage innovation in the 
transportation energy sector are those being operated by the Department of Energy’s national 
laboratories. For example, as my fellow witness John Farrell from the National Renewable 
Energy Laboratory shared during the hearing, the Co-Optimization of Fuels and Engines 
program is conducting early stage research to determine the technical feasibility of certain 
fuel components to facilitate more efficient engine performance. This type of research is 
often not initiated by industry, but can form the scientific foundations for advancements in 
market-ready fuels and engines that will ultimately benefit the consumer. In addition, the 
Department of Energy’s Energy Efficient Mobility Systems program is researching how new 
mobility technologies might transform the transportation sector. 

These projects feature collaborative research among the national laboratories and will deliver 
to the market information and analysis of potential innovations that might then be developed 
for commercial purposes. In this way, the federal government is supporting early stage 
research and technical analysis and thereby encouraging innovation throughout the 
transportation sector. 


2/4 



119 


For companies who are developing innovative solutions for fuels and vehicles, there are a 
variety of opportunities to showcase such ideas to the federal government. Once again, the 
Department of Energy operates both the Clean Cities Program and the ARPA-E program. By 
contacting these programs, innovative companies might find opportunities to showcase their 
concepts and seek support for further research and development. This is an appropriate role 
for the federal government - to facilitate early stage research and analysis and to provide 
forums through which innovation can be introduced to a broader audience. 

Question Submitted by The Honorable Richard Hudson 

• Could you share with us your perspective on what could cause such a shift in 
consumer preferences? How can the federal government then be better prepared to 
adapt with changing technology so it does not create an unnecessary gap between 
policy and technology? 

To identify what factors might compel consumers to change behavior, it is helpful to look at 
past experience. The smart phone debuted in the United States in 2007 and, slightly more 
than one decade later, they are nearly ubiquitous. Why? The smart phone has delivered an 
immediate, compelling value to the consumer. It has enabled advanced communications and 
commercial transactions to occur from most any location, freeing the user from the bounds of 
their desk, personal computer and landline telephone. From this technology has emerged an 
app-enabled economy that has transformed not only telecommunications and commerce, but 
ushered in a new era of social interaction, facilitated on-demand mobility, and a variety of 
other services that were not previously possible or even contemplated. The smart phone user 
can experience immediate life-style benefits by availing themselves of these services. 

Disruptive transformation in the transportation sector would have to deliver similar, 
compelling value. Simply replacing an internal combustion engine with an electric battery to 
move a vehicle from point A to point B is unlikely to be deemed an overwhelming 
compelling value by most consumers. As these vehicles become more affordable, deliver 
extended range and reduced recharging time, they will become a more feasible and 
potentially desirable substitute for legacy technology, but I do not believe they will spark a 
disruptive transformation in a short amount of time. 

Some have argued that autonomous, electric on-demand mobility services will be disruptive 
to the legacy system in a very short time. This is largely predicated on the assumption that 
such a service could be orders of magnitude less expensive than owning and operating a 
personal vehicle. While this economic assumption might be accurate, 1 am uncertain that 
enough consumers would abandon their traditional method of transportation to generate a 
transformative change in a short amount of time. Personal vehicles provide a certain level of 
utility, freedom and reliability that on-demand services may not seem to provide for all 
consumers. Consequently, I believe that adoption of such services will begin within certain 
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markets and be more prevalent among certain consumer demographics, but will not be 
uniform or available in all markets. 

As transportation/mobility options mature, what might attract consumers en masse will be 
options that can affirmatively answer questions such as: 

• Is this option less expensive than alternatives and, if so, how much less expensive? 

• How much time will this new option save me? 

• Can I access this option as conveniently as I can get into my own vehicle? 

• How flexible is the option and will it accommodate my hectic schedule and complex 
needs? 

• Am I restricted from accessing certain areas if 1 am not using this new option? 

• What arc the opportunity costs/benefits from using this new option? 

• How will this option enable more efficient execution of other activities in my life? 

As new options begin to satisfy questions such as these, they will begin to gain market share 
- potentially at a rapid pace. But I am doubtful that American consumers will replace their 
current mode of transportation with a new option as quickly as they adopted the smart phone. 

Consequently, as the market evolves and begins to incorporate new options, the federal 
government has time to evaluate the relationship between technology and policy and make 
appropriate adjustments. I believe it is incumbent upon the government to not stand in the 
way of technological innovation within the transportation/mobility sector, but also to ensure 
the safety and security of the people. This is a careful balance that requires constant attention. 

The Congress and Administration should evaluate the manner in which they are authorized to 
engage with industry in the early stages of innovation. I believe that the only way the 
government can efficiently avoid gaps between policy and technology is to know about 
emerging technologies in the early stages, and that requires creating opportunities for 
government officials to engage with industry on a regular and non-threatening basis. While 
the eventual deployment of technology within the transportation sector is likely to take time, 
the development of technological options will proceed quickly. Policies are by nature static 
and should be routinely reviewed for relevancy and overall impact on market development. If 
there are barriers which prevent the government from developing a better understanding of 
what is emerging, then these barriers should be reconsidered and opportunities opened. 

As technologies become “road-ready,” at that point government policies balancing 
innovation with safety and security of the people come into play. Each innovation is different 
and one-size-fits-all policies are not uniformly applicable. It is important that policies be 
crafted to ensure clarity of purpose but incorporate sufficient flexibility to ensure the 
government does not become a roadblock to consumer-benefiting technologies. 
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